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advertisement. 

THE  Committee  appointed  by  the  Royal  Society  to  direft  the  pub- 
lication of  the  Rhilofophical  Tranfaclions , take  this  opportunity  to 
acquaint  the  Public,  that  it  fully  appears,  as  well  from  the  council-books 
and  journals  of  the  Society,  as  from  repeated  declarations,  which  have 
been  made  in  feveral  former  ‘Tranfaclions,  that  the  printing  of  them  was 
always,  from  time  to  time,  the  fingle  aft  of  the  refpeftrve  Secretaries,  till 
the  Forty-feventh  Volume : the  Society,  as  a body,  never  interefting  them- 
felves  any  further  in  their  publication,  than  by  occafionally  recommending 
the  revival  of  them  to  fome  of  their  Secretaries,  when,  from  the  particular 
circumftances  of  their  affairs,.  the  Tranfaclions  had  happened  for  any 
length  of  time  to  be  intermitted.  And  this  feems  principally  to  have 
’been  done  with  a view  to  fatisfy  the  Public,  that  their  ufu a 1 meetings 
were  then  continued  for  the  improvement  of  knowledge,  and  benefit  of 
mankind,  the  great  ends  of  their. firft  inftitution  by  the- Royal  Charters,- . 
and  which  they  have  ever  fince  fteadily  purfued. 

But  the  Society  being  of  late  years  greatly  inlarged,  and  their  com- 
munications more  numerous,  it  was  thought  advifeable,  that  a Committee 
of  their  members  Ihould  be  appointed  to  reconfider  the  papers  read  be- 
fore them,  and  feleft  out  of  them  fuch,  as  they  Ihou Id  judge  moft 'pro- 
per for  publication  in  the  future  Tranfadiom  ; which  was  accordingly 
done  upon  the  26th  of  March  1752;  And  the  grounds  of  their  choice 
are,  and  will  continue  to  be,  the  importance  and  Angularity  of  the  fub- 
jefts,  or  the  advantageous  manner  of  treating  them  ; without  pretending, 
to  anfwer  for  the  certainty  of  the  fafts,  or  propriety  of  the  reafonings, 
contained  in  the  feveral  papers  fo  publiftied,  which  muft  ft  ill  reft  on  the 
credit  or  judgment  of  their  refpeftive  authors. 
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It  is  like  wife  neccflary  on  this  occafion  to  remark,  that  it  is  an  efta- 
blifhed  rule  of  the  Society,  to  which  they  will  always  adhere,  never  to 
give  their  opinion,  as  a body,  upon  any  fubjed,  either  of  Nature  or  Art, 
that  comes  before  them.  And  therefore  the  thanks,  which  are  fre- 
quently propofed  from  the  chair,  to  be  given  to  the  authors  of  fuch  pa- 
pers, as  are  read  at  their  accuftomed  meetings,  or  to  the  perfons  through 
whofe  hands  they  receive  them,  are  to  be  confidered  in  no  other  light 
than  as  a matter  of  civility,  in  return  for  the  refpeft  ihewn  to  the  Society 
by  thofe  communications.  The  like  alfo  is  to  be  faid  with  regard  to 
the  feveral  proje&s,  inventions,  and  curiofities  of  various  kinds,  which 
are  often  exhibited  to  the  Society  ; the  authors  whereof,  or  thofe  who 
exhibit  them,  frequently  take  the  liberty  to  report,  and  even  to  certify 
in  the  public  news-papers,  that  they  have  met  with  the  higheif  applaufe 
and  approbation.  And  therefore  it  is  hoped,  that  no  regard  will  here- 
after be  paid  to  fuch  reports,  and  public  notices  ; which  in  fome  inftances 
have  been  too  lightly  credited,  to  the  difhonour  of  the  Society. 
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L Natural  Hijlory  and  Defcriptlon  of  the  Tyger-cat  of  the 
Cape  of  Good  Hope.  By  John  Reinhold  Forfter,  LL.Z)* 
F.  R.  and  A . S. 


Read  November  p.  1780* 

FEW  tribes  of  quadrupeds  have  in  Africa  more  reprefenta- 
tives  of  their  different  fpecies  than  that  of  the  Cat.  c The 
genus  of  Antelopes  may  perhaps  be  excepted,  fince,  to  my 
knowledge,  about  twenty  different  Gha%els  and  Antelopes  are  to 
be  met  with  in  Africa ; but  no  more  than  about  eight  or  nine 
of  the  Cat  tribe  have  hitherto  been  difeovered  on  that  continent. 
However,  I know  about  twenty  *one  different  fpecies  of  this 
Vol.  LXXI.  B great 
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great  clafs ; and,  I fuppofe,  thefe  by  no  means  exhauft  this 

numerous  tribe. 

The  greater  and  more  numerous  the  different  genera  of  ani- 
mals are,  the  more  difficult  it  muft  be  to  the  natural  hiftorian 
properly  to  arrange  the  whole  of  fuch  an  extenfive  divifion  of 
animals,  efpecially  if  they  are  not  equally  well  known.  To 
form  new  genera,  in  order  to  difpofe  and  arrange  them  under, 
is  a remedy  which  increafes  the  evil,  inftead  of  curing  it.  The 
beft  method,  therefore,  which  can  be  devifed,  is  to  make  great 
divifions  in  each  genus,  comprehending  thofe  fpecies  which,  on 
account  of  fome  common  relation  or  chara&er,  have  a greater 
affinity  to  one  another.  The  genus  of  Cat,  to  which  the  ani- 
mal belongs  we  are  going  to  fpeak  of  more  at  large,  offers  three 
very  eafy  and  natural  fub- divifions.  The  firf  comprehends  ani- 
mals related  to  the  Cat-tribe,  with  long  hair  or  manes  on  their 
necks ; ficondly , fuch  as  have  remarkable  long  tails  without  any 
marks  of  a mane  on  their  necks ; lafly,  fuch  as  have  a brufh 
of  hair  on  the  tips  of  their  ears,  and  ffiorter  tails  than  the  fe- 
cond  fub-divifion.  The  firft  might  be  called  in  Latin  Feles 
jubatce ; the  fecond  fub-divifion  fhould  be  named  /Elures  ; and 
the  third  and  laft,  Lynces . To  the  firft  fub-divifion  the  Lion 
and  the  hunting  Leopard  or  Indian  Chittahy  belong.  The  fe- 
cond fub-divifion  confifts  of  the  Tyger , the  Panther , the  Leo- 
pard, the  Ounce , the  Puma , the  Jaguar-ete , the  Jaguara , the 
Ocelot , the  Gingy  of  Congo,  the  Marakaya , the  Tyger-cat  of 
the  Cape  or  the  ’ NfuJJi  of  Congo , the  Tibetan  Tyger-cat  which  I 
law  at  Peterfburg,  the  common  Bujh-cat  of  the  Cape  ; and, 
laftly,  the  wild  Cat , and  its  domeftic  varieties.  To  the  third 
divifion  belong  the  Lynx , the  Caracal , the  Serval , the  Bay 
Lynx 9 and  the  Ghaus  of  Profeffor  guldenstedt. 


Since. 


the  Tyger-cat  of  the  Cape  of  Good  Hope,  3 

Since  It  Is  quite  foreign  to  my  purpofe  to  fpeak  of  thofe  fpe- 
cies  which  are  known  already  to  the  naturalift,  I confine  myfelf 
to  that  fpecies  only  which  hitherto  has  been  imperfeftly  known 
to  naturalifts. 

The  firfl:  notice  we  had  of  the  Cape  Cat  is,  in  my  opinion, 
to  be  met  with  in  labat’s  Relation  Hforique  del' Ethiopia 
occidental,  tom.  I.  p.  177.  taken  as  is  fuppofed  from  Father 
carazzi.  labat  mentions  there  the  * NfuJJi , a kind  of  wild 
Cat  of  the  fize  of  a Dog,  with  a coat  as  much  ftriped  and  varied 
as  that  of  a Tyger.  Its  appearance  befpeaks  cruelty,  and  its  eyes 
fiercenefs  ; but  it  is  cowardly,  and  gets  its  prey  only  by  cunning 
and  infidious  arts.  All  thefe  charadters  are  perfectly  applicable 
to  the  Cape  Cat,  and  it  feems  the  animal  is  found  in  all  parts  of 
Africa,  from  Congo  to  the  Cape  of  Good  Hope,  in  an  extent  of 
country  of  about  eleven  degrees  of  latitude,  kolre,  in  his  Prefent 
State  of  the  Cape  Good  Hope , vol.  II.  p.  127.  (of  the  Engliflh 
edition)  fpeaks  of  a Tyger  Bujh-cat , which  he  deferibes  as  the 
largeft  of  all  the  wild  Cats  of  the  Cape-countries,  and  is  fpot- 
ted  fomething  like  a Tyger.  A (kin  of  this  animal  was  feen  by 
Mr.  pennant  in  a furrier’s  fhop  in  London,  who  thought  it 
came  from  the  Cape  of  Good  Hope ; from  this  (kin  Mr.  pen- 
nant gave  the  firft  defeription  which  could  be  of  any  utility 
to  a natural  hiftorian  All  the  other  authors  mention  this 
animal  in  a vague  manner.  When  I and  my  foil  touched  the 
fecond  time  at  the  Cape  of  Good  Hope  in  the  year  1775,  an 
animal  of  this  fpecies  was  offered  me  to  purchafe ; but  I refufed 
buying  it  becaufe  it  had  a broken  leg,  which  made  me  apprehen- 
five  of  lofing  it  by  death  during  the  paflage  from  the  Cape  to 
London.  It  was  very  gentle  and  tame.  It  was  brought  in  3 

* pennant’s  Synopfis  of  Quadrupeds,  p.  181.  firft  edit. 
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bafket  to  my  apartment,  where  I kept  it  above  four  and  twenty 
hours,  which  gave  me  the  opportunity  of  defcribing  it,  and  of 
obferving  its  manners  and  oeconomy ; as  it  did  to  my  foil  that 
of  making  a very  accurate  drawing  of  it. 

After  a moft  minute  examination,  I found  its  manners  and 
oeconomy  perfectly  analogous  to  thofe  of  our  domeftic  Cats.  It 
ate  frefh  raw  meat,  and  was  very  much  attached  to  its  feeders 
and  benefactors  : though  it  had  broke  the  fore-leg  by  accident, 
it  neverthelefs  was  very  eafy.  After  it  had  been  feveral  times 
fed  by  me,  it  foon  followed  me  like  a tame  favourite  Cat.  It 
liked  to  be  ftroked  and  carefled  ; it  rubbed  its  head  and  back 
always  againft  the  perfon’s  cloaths  who  fed  it,  and  defired  to  be 
made  much  of.  It  purred  as  our  domeftic  Cats  do  when  they 
are  pleafed.  It  had  been  taken  when  quite  young  in  the  woods, 
and  was  not  above  eight  or  nine  months  old  ; 1 can,  however, 
pofitively  aver,  having  feen  many  Ikins  of  full-grown  Tyger- 
cats  that  it  had  already  very  nearly,  if  not  quite,  attained  its 
full  growth.  I was  told,  that  the  Tyger-cats  live  in  moun- 
tainous and  woody  trails,  and  that  in  their  wild  ftate  they  are 
very  great  deftroyers  of  Hares,  Rabbits,  Yerbuas,  young  An- 
telopes, Lambkins,  and  of  all  the  feathered  tribe. 

DESCRIPTIO  FELIS  CAPENSIS. 

Felis  cauda  fub-elongata,  annulata ; corpore  fulvo,  fupra  ma- 
culis  virgatis  infra  orbicularibus,  auriculis  nigris,  macula 
lunata  alba. 

* Thefe  fkins,  with  feveral  others  of  rare  and  non-defeript  animals,  I bought 
at  a very  confiderable  expence,  and  depofited  in  the  Britifti  Mufeum,  that  valuable 
national  repoiitory  of  artificial  and  natural  curiofitics. 
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the  Tyger-cat  of  the  Cape  of  - Good  Hope. 

* 'Nfujji.  labat  Ethiopic.  Occident,  tom.  I.  p.  177. 

Tyger  Bofch-katten.  kolbe  Cape  of  Good  Hope,  vol.  If. 
p.  127.  (Engl,  edit.) 

Cape-cat . pennant  Syn.  Quadrup.  p.  181.  (1  ft  edit.) 

Corpus  magnitudine  Fells  Cati  fyheflris  vel  paulo  majus.  In 
genere  ftipra  colore  pallide  fulvo,  fubtus  e cinereo  albo,  ma- 
culis  atris.  ' 

(Pill  apice  pallide  fulvi,  baft  albi.) 

Caput  Rofro  magis  acuto,  quam  F,  Cati,  albo ; in  labio  fupe- 
riore  prope  angulum  rid  us  macula  orbiculata,  nigra.  Nares 
nudae,  atras.  Myjlaces  plurium  ordinum  in  labio  fuperiore  et 
fupra  oculos  validae,  albae  et  fuivae.  Oculi  figura  fere  trian- 
guli  fphaerici,  latere  anteriore  perpendiculari ; Irides  flavae. 
Papilla  orbicularis,  diurna  (nec  ut  in  F.  Cato  perpendiculari 
rima  lemnifcata).  Lingua  retrofum  aculeata.  Dentes  acuti 
ut  in  cogeneribus. 

Linea  albida  utrinque  nafo  parallela,  ad  interiora  oculorum 
latera.  Linea  nigra  paullulum  convergens  a cantho  ante- 
riore oculorum  defcendit  in  nafum  ; alice  duce  nigrce  fupra 
oculos  infra  convergentes,  inque  frontem  afcendentes; 
praeterea  in  capit epunffia  et  lineolce  nigrce  plures  fparfte. 
Auriculce  amplae,  longitudine  fere  capitis,  ovate,  fuberedae, 
intus  villofae,  ochroleucae ; ext  us  nigrae,  macula  lunata, 
tranfverfa  alba.  Margo  exterior  facculo  membranaceo 
nudo,  lobato. 

Corpus  ovatum,  elegans.  Linece  atrce  longitudinales  quatuor  in 
cervice  inter  aurium  bafes  orfas,  in  Dorfo  interrupte ; Supe- 
riora  laterum  obtinent  maculae  oblongs,  lineares,  obliqua^ 
Inferior  a laterum  maculis  rotundis  fparfis.  Abdomen  e cinereo- 
album,  maculis  rotundis  parvis,  fparfis,  nigris. 


Pedes 
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Pedes  omnes  fuperne  fubfafciati,  extremitatibus  pun&is  numero- 
us, nigris  confperfi.  Digiti  quinque  felini.  Ungues  modici, 
retra&iles,  nigri. 

Cauda  attingit  bafin  tarfi,  annulis  circiter  odo  rel  decern  nigr‘13 
cinda. 


M E N S U R JR. 


Ab  apice  roftri  ad  bafin  caudae 
Cauda 

Caput  longum 
Auriculae  margine  exteriore 
Pedes  anteriores  a cubito 
Pedes  poftici  (tarfi  fcilicet) 


18  unciae  pcd.  Angl. 
8 
4 
3 
7 

4i 
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II.  Experiments  and  Observations  on  the  Specific  Gravities  and 
attractive  Powers  of  various  faline  Subfiances . By  Richard 
Kirwan,  Efq . F.  R*  S. 

Read  November  1 6,  17 8ov 

THE  doctrine  of  chymical  affinities  hath  of  late  received 
great  improvements  from  the  labours  of  the  very  excel- 
lent Mr.  bergman  of  Upfal,  and  the  frill  later  refearches  of 
Mr.  wentzel  ; but  the  order  of  thefe  attractions  has  hitherto 
been  the  only  point  attended  to  by  thefe  philofophers,  as  well  a& 
by  mod:  preceding  chymids  ; for  I know  of  none,  except  Mr. 
morveau  of  Dijon,  who  has  thought  of  afcertaining  the  va- 
rious degrees  of  force  of  chemical  attraction,  by  which  one 
body  aCts  on  various  other  bodies,  or  even  on  the  fame  body 
in  various  circumdances.  He  has,  however,  fo  ably  (hewn  the 
advantages  arifing  from  fuch  an  inquiry,  that  I have  made  it 
the  objeCt  of  my  attention,  and  beftowed  much  pains  on  it  for 
fome  time  pad ; and  have  been  thereby  enabled  to  determine 
pretty  exaCtly  the  proportion  of  the  ingredients  of  many  neu- 
tral falts,  and  the  fpecific  gravity  of  the  mineral  acids  in  their 
pureft  date,  and  free  from  all  water.  The  principles  on  which 
thefe  determinations  are  founded  are  the  following. 

id.  That  the  fpecific  gravity  of  bodies  is  as  their  weight,, 
divided  by  the  weight  of  an  equal  bulk  of  rain  or  diddled  wa- 
ter, this  being  at  prefent  the  dandard  with  which  every  other 
body  is  compared., 

2d 
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zdly.  That  if  bodies,  fpecifically  heavier  than  water,  be 
weighed  in  air  and  in  water,  they  lofe  in  water  part  of  the 
weight  which  they  were  found  to  have  in  air ; and  that  the 
weight  fo  loft  is  juft  the  fame  as  that  of  an  equal  bulk  of  wa- 
ter, and  confequently  that  their  fpecific  gravity  is  equal  to  their 
weight  in  air,  or  abfolute  weighty  divided  by  their  lofs  of  weight 
in  water* 

^dly.  That  if  a folid,  fpecifically  heavier  than  a liquid,  be 
weighed  fir  ft  in  air,  and  then  in  that  liquid,  the  weight  it  lofes 
is  equal  to  the  weight  of  an  equal  volume  of  that  liquid  ; and 
coiifequently  if  fuch  folid  be  weighed  firft  in  air,  then  in  water, 
and  afterwards  in  any  other  liquid,  the  fpecific  gravity  of  this 
liquid  will  be  as  the  weight  loft  in  it  by  fuch  folid,  divided  bv 
the  lofs  of  weight  of  the  fame  folid  in  water.  This  method  of 
finding  the  fpecific  gravity  of  liquids  I have  found  much  more 
exadt  than  that  by  the  areometer,  or  the  comparifon  of  weights 
of  equal  meafures  of  fuch  liquids  and  water,  both  of  which  are  . 
fubjedt  to  feveral  inaccuracies. 

4thly.  That  where  the  fpecific  gravity  of  bodies  is  already 
known,  the  weight  of  an  equal  bulk  of  water  may  alfo  be 
found,  it  being  as  the  quotient  of  their  abfolute  weight  divided 
by  their  fpecific  gravity.  This  I (hall  call  their  lofs  of  weight 
in  water. 

Hence,  where  the  fpecific  gravity  and  abfolute  weight  of  the 
ingredients  of  any  compound  are  known,  the  fpecific  gravity  of 
fuch  compound  may  eafily  be  calculated  as  it  ought  to  be  inter- 
mediate betwixt  that  of  the  lighter  and  that  of  the  heavier,  ac- 
cording to  their  feveral  proportions  : this  I call  the  mathema- 
tical fpecific  gravity.  But,  in  fact,  the  fpecific  gravity  of  com- 
pounds, found  by  actual  experiment,  feldom  agrees  with  that 
found  by  calculation,  but  is  often  greater  without  ai\y  diminu- 
2 tio  n 
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tion  of  the  lighter  ingredient.  This  increafe  of  denfity  muff 
then  arife  from  a clofer  union  of  the  component  parts  to  each 
other  than  either  had  feparately  with  its  own  integrant  parts 
and  this  more  intimate  union  muft  proceed  from  the  attraction 
or  affinity  of  thefe  parts  to  each  other : I therefore  imagined 
this  attraction  might  be  eftimated  by  the  increafe  of  denfity  or 
fpecific  gravity  and  was  proportionable  to  it,  but  was  foon  ui> 
deceived. 

I muft  alfo  premile,  that  the  abfolute  weights  of  many  forts 
of  air  have  been  accurately  determined  by  Mr.  fontana,  at 
whofe  experiments  ! wasprefent,  the  thermometer  being  at  55^, 
and  the  barometer  at  2p|  inches,  or  nearly  fa.  Their  weights 
were  as  follows  : 


Cubic  inch  of  common  air 

Fixed  air 

Marine  air 

Nitrous  air 

Vitriolic  air 

Alkaline  air 

Inflammable  air 


0,385 

°o7° 

0,654 

0,399 

0,778 

0,2 

°,°3 


O F SPIRIT  OF  SALT. 

From  the  time  I firft  read  in  Dr.  Priestley’s  Experiments 
on  Air  (that  inexhauftible  fource  of  future  difcoveries)  of  the 
exhibition  of  marine  acid  in.  the  form  of  air,  free  from  wa- 
ter ; and  that  this  air,  reunited  with  water,  formed  an  acid 
liquor  in  all  rcfpefts  the  fame  as  common  fpirit  of  fait ; I con- 
ceived the  poffibility  of.  difcovering  the  exact  quantity  of  acid 
in  fpirit  of  fait  of  any  given  fpecific  gravity,  and  by  means  of 
Vol.  LXXI.  C this 
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this  the  exa£t  proportion  of  acid  in  all  other  acid  liquors ; for 
if  a given  quantity  of  pure  fixed  alkali  were  faturated,  fir  ft  by 
a certain  quantity  of  fipirit  of  fait,  and  then  by  determined 
quantities  of  the  other  acids,  I concluded,  that  each  of  thele 
quantities  of  acid  liquor  muft  contain  the  lame  quantity  of  acid, 
and  this  being  known,  the  remainder  being  the  aqueous  part, 
this  alfo  muft  be  known;  but  this  conclufioti  intirely  refted  on 
the  fuppofition  that  the  lame  quantity  of  all  the  acids  was  requi- 
fite  for  the  faturation  of  a given  quantity  of  fixed  alkali ; for 
if  fuch  given  quantity  of  fixed  alkali  might  be  iatu rated  by  a 
fmaller  quantity  of  one  acid  than  of  another,  the  conclufion 
fell  to  the  ground.  This  point  might,  indeed,  be  in  fome  mea- 
fure  determined  by  weighing  the  neutral  falts,  formed  by  thefe 
acids,  when  thoroughly  dry ; but  ftill  a fource  of  inaccuracy 
remained  ; for  if  they  were  expofed  to  a conliderable  heat,  part 
of  the  acid  would  neceflarily  be  expelled,  and  more  of  one  acid 
than  of  another,  and  if  the  heat  were  not  conliderable,  much 
of  the  water  of  cryftallization  would  remain  ; fo  that  if  the 
weights  were  found  to  be  equal,  this  equality  could  not  be 
aferibed  to  equal  quantities  of  acid,  but  might  perhaps  arife 
from  a fmaller  proportion  of  acid  in  one  of  them,  and  a larger 
proportion  of  water,  and  in  another  from  a larger  propor- 
tion of  acid  and  a fmaller  proportion  of  water ; and  if  the 
weights  were  unequal,  no  certain  conclufion  could  be  drawn. 
To  obviate  this  difficulty  I ufed  the  following  expedient,  ift.  I 
fuppofed  the  quantities  of  nitrous  and  vitriolic  acids,  neceflary 
to  faturate  a given  quantity  of  fixed  alkali,  exactly  the  fame  as 
that  of  marine  acid  whofe  quantity  I determined  ; and  to  prove 
the  truth  of  this  fuppofition,  I obferved  the  fpecific  gravity  of 
the  fpirit  of  nitre  and  oil  of  vitriol  I madeufe  of,  and  in  which 
t fuppofed,  from  the  trial  with  alkalies,  a certain  proportion  of 
z acid 
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acid  and  water  ; I then  added  to  thele  more  acid  and  water, 
and  calculated  what  their  fpecific  gravities  fhould  be  upon 
the  above  fuppofition,  and  finding  the  refult  to  tally  with  the 
fuppofition,  I concluded  the  latter  to  be  exaCh 

The  experiments  made  on  the  marine  acid  were  as  follows. 

I took  two  bottles,  which  I filed  nearly  to  the  top  with  dis- 
tilled water,  of  which  they  contained  in  all  1399*9  gr.  and  in- 
troduced them  lucceffively  into  two  cylinders  filled  with  marine 
air,  which  I had  obtained  from  common  fait  by  means  of  dilute 
oil  of  vitriol  and  heat,  in  a mercurial  apparatus ; and  this  pro- 
cefs  I renewed  until  the  water  had  imbibed,  in  eighteen  days, 
about  794  cubic  inches  of  the  marine  air.  The  thermometer 
did  not  rife  all  this  time  above  5 5%  nor  fink,  unlefs  perhaps  at 
night,  under  50%  and  the  barometer  was  between  29  and  30 
inches.  This  water,  or  rather  fpirit  of  fait,  I then  found  to 
weigh  1920  gr.  that  is  520,1  more  than  before.  The  quantity 
of  marine  air  abforbed  amounted  then  to  520,1  gr.  I then  exa- 
mined the  fpecific  gravity  of  this  fpirit  of  fait,  and  found  it  to 
be  1,225.  Its  lofs  of  weight  in  water  (that  is,  the  weight  of 
an  equal  bulk  of  water)  fhould  then  be  1567,346  gr.  nearly; 
but  it  contained  only,  as  we  have  feen,  1399,9  gr.  of  water; 
therefore  fubtrafting  this  from  1567,346,  the  remainder  (that  is, 

1 67,446)  muft  be  the  lofs  of  520,1  gr.  of  marine  acid  ; and  con- 
fequently  the  fpecific  gravity  of  the  pure  marine  acid,  in  fuch 
a condenfed  ftate  as  it  is  in  when  united  to  water,  muft  be 

l|“~r=3,io°.  But  ftill  it  might  be  fufpeCted,  that  the  den- 

fity  of  this  fpirit  did  not  intirely  proceed  from  the  mere  denfity 
of  the  marine  acid,  hut  in  oart  alfb  from  the  attraction  of  this 
acid  to  water,  and  though  the  length  of  time  requifite  to  make 
water  imbibe  this  quantity  of  acid  made  me  judge  that  the 

C 2 attraction 
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attraction  was  not  very  confiderable,  yet  the  following  experi- 
ment was  more  fatis factory . 

I expofed  1440  gr.  of  this  fpirit  to  marine  air  for  five  days, 
the  thermometer  being  at  50°  or  under;  it  then  weighed  1 562 
gr.  and  confequently  imbibed  122  gr.  of  marine  air;  its  fpccific 
gravity  was  then  1,253,  which  agrees  exactly  with  what  it 
fliould  be  by  calculation. 

N.  B.  I have  not  repeated  the  whole  of  thefe  experiments,  as 
they  were  very  tedious ; but  I began  them  over  again  feveral 
times  before  I could  afeertain  with  any  precifion  the  quantity  of 
marine  air  abforbed,  as,  when  the  whole  of  a cylinder  full  of 
air  was  abforbed,  it  was  difficult  to  flop  the  bottles  fo  as  to  pre- 
vent any  mercury  from  falling  in  ; and  I was  obliged  every  night 
to  fill  the  cylinders  with  air,  left  if  there  remained  but  a fmall 
quantity  it  might  be  imbibed  before  morning,  and  the  mercury 
fall  into  the  bottles.  I alfo  made  fome  allowance  for  the  com- 
mon air  which  I could  not  avoid  letting  into  the  cylinder  with 
the  marine  air,  as  will  be  very  apparent  to  whoever  repeats  the 
experiment. 

Being  now  fatisfied  I had  difeovered  the  proportion  of  acid 
and  water  in  fpirit  of  fait,  I was  impatient  to  find  it  in  other 
acids  alfo;  and  for  that  purpofe  I took  180  gr.  of  very  ftrong 
oil  of  tartar  per  deliquium , but  of  whole  fpecific  gravity  I can 
find  no  note,  and  found  it  to  be  ftiturated  by  1 80  gr.  of  fpirit 
of  fait,  whofe  fpecific  gravity  was  1,225.  Now,  by  calcula- 
tion it  appears,  that  180  gr.  of  this  fpirit  contains  48,7  gr.  of 
acid  and  131,3  of  water,  and  hence  I drew  up  the  following 
table. 


Marine 
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The  fpecific  gravity  of  the  ftrongeft 
fpirit  of  fait,  made  in  the  ufual  way,  is, 
according  to  Mr.  baume,  1,187,  and  ac- 
cording to  Mr.  BERGMAN,  1,190;  blit 
we  read  in  the  Paris  Memoirs  for  the 
year  1700,  p.  19 1.  that  Mr.  homberg 
palled  a fpirit  whofe  fpecific  gravity  was 
1 ,300  ; and  that  made  by  Dr.  priestley 
(fee  vol.  III.  p.  275.)  muft  have  been 
about  1,500. 

Hence  we  fee,  that  fpirit  of  fait, 
whofe  fpecific  gravity  is  1,261  or  lefs, 
has  little  or  no  attra&ion  with  water,  and 
therefore  attrafts  none  from  air,  and  on 
that  account  does  not  heat  a thermometer 
whofe  ball  is  dipped  in  it  as  fpirit  of  vi- 
triol and  fpiiit  of  nitre  do,  as  has  lately 
been  obferved  by  the  Friendly  Society  of 
Berlin. 

This  table  is  not  exaftly  accurate,  as 
I had  not  in  this  firft  experiment  found 
the  point  of  faturation  as  nicely  as  was, 
requifite.  However,  I have  not  corre&ed 
it,  as  the  error  is  but  fmall,  and  the 
proportion  may  at  any  time  be  found  by 
calculation ; at  leaf:  when  the  fpecific 
gravity  of  this  fpirit  does  not  exceed 
1,253.  Whether  the  mathematical  fpecific  gravity  and  that  by 
obfervation  differ  in  the  higher  degrees  of  fpecific  gravity,  I have 
not  examined ; but  the  table  is  formed  on  the  fuppoficion  that 
they  do  not. 


Marine 

Water. 

Specific 

acid. 

Gravity. 

Parts, 

Parts. 

5° 

1 >497 

60 

I)431 

70 

1,381 

80 

i,34i 

90 

1,308 

100 

1,282 

1 10 

i,259 

120 

1,246 

130 

1,223 

140 

1,209 

150 

1,196 

160 

1,185 

170 

i,i75 

180 

1,166 

190 

1,158 

200 

1,151 

210 

1,144 

220 

1,13s 

48,7 

230 

i>!32 

240 

1,127 

250 

1,122 

260 

I, I l8 

270 

1,114 

280 

I, I IO 

290 

1,106 

300 

1,103 

3IQ 

1,100 

320 

i,°97 

33° 

1,09 1 

340 

1,089 

350 

1,086 

360 

1,084 

370 

1,082 

380 

1,080 

390 

1,078 

400 

1,076 

410 

1,074 

Common 
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Common  fpirit  of  fait  is  always  adulterated  with  vitriolic 
acid,  and  therefore  not  fit  for  thcle  trials. 

Intending  to  determine  by  this  experiment  the  proportion  of 
acid,  water,  and  fixed  alkali  in  digeilive  fait,  as  it  is  celled,  I 
took  ioo  gr,  of  a lolution  of  a tolerably  pure  vegetable  alkali 
that  had  been  three  times  calcined  to  whitenefs,  the  fp-jcific 
gravity  of  which  lolution  was  1,097.  I alio  diluted  the  fpirit  of 
fait  with  dijfterent  portions  of  water  ; the  fpecific  gravity  of  011c 
fort  was  1,115,  and  of  another  1,098. 

I then  found  that  the  above  quantity  of  the  folution  of  a ve- 
getable alkali  required  for  its  figuration  27  gr.  of  thatfpiritof 
lalt  whofe  fpecific  gravity  was  1,098,  and  23,35  gr.  of  that 
fpirit  of  lalt  whale  fpecific  gravity  was  1,115.  Now,  27  gr.  of 
fpirit  of  lalt,  whofe  fpecific  gravity  is  1,098,  contain  3,55  gr. 
of  marine  acid,  as  appears  by  calculation.  As  the  principle  on 
which  this  calculation,  by  which  the  proportion  of  fubftances 
in  alloy  is  found,  may  not  be  generally  known,  I fliall  here 
mention  them  in  the  words  of  Mr.  cotes. 

66  The  data  requifite  are  the  fpecific  gravities  of  the  mixture 

“ and  of  the  two  ingredients Then,  as  the  difference 

“ of  the  fpecific  gravities  of  the  mixture  and  the  lighter  ingre- 
“ dient  is  to  the  difference  of  the  fpecific  gravities  of  the  mix-* 
ture  and  the  heavier  ingredient,  fo  is  the  magnitude  of  the 
“ heavier  to  the  magnitude  of  the  lighter  ingredient.  Then, 
46  as  the  magnitude  of  the  heavier  multiplied  into  its  fpecific 
gravity  is  to  the  magnitude  of  the  lighter  multiplied  into  its 
fpecific  gravity,  fo  is  the  weight  of  the  heavier  to  the  weight 
46  of  the  lighter  ....  Then,  as  the  fum  of  thefe  weigiits 
46  is  to  the  given  weight  of  either  ingredient,  fo  is  the  weight 
“ given  to  the  weight  of  the  ingredient  fought.” 

Thus, 
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Thus,  in  this  cafe,  1,098  - 1,000  = ,098  is  the  magnitude 
of  the  heavier  ingredient,  viz*  the  marine  acid  ; and,  098  x 
3,100  = 0,3038  the  weight  of  the  marine  acid;  and,  on  the 
other  hand,  3,100-1,098=2,002  the  magnitude  of  the  wa- 
ter, and  2,oo 2 x 1,000=2,002  its  weight;  the  fum  of  thefe 
weights  is  2,3058  : then,  if  2,3058  parts  of  fpirit  of  fait  con- 
tain 0,3038  parts  acid,  27  gr.  of  this  fpirit  of  fait  will  contain 
3,55  acid. 

In  the  fame  manner  it  will  be  found,  that  23,35  gr.  of  fpirit 
of  fait,,  whofe  fpecific  gravity  was  1,^15,  contained  3,55  gr,. 
acid* 

The  point  of  faturation  was  pretty  accurately  found  by  put- 
ting the  glafs  cylinder  which  contained  the  alkaline  folution  on 
the  fcale  of  a very  fenfible  balance,  and  at  the  fame  time  weigh- 
ing the  acid  liquor  in  another  pair  of  fcales,  when  the  lofs  of 
weight  indicated  the  efcape  of  nearly  equal  quantities  of  the 
fixed  air  contained  in  the  folution  ; then  the  acid  was  gradually 
added,  by  dipping  a glafs  rod  into  it,  to  the  top  of  which  x 
fmall  drop  of  acid  adhered  : with  this  the  folution  was  ftirred* 
and  very  fmall  drops  taken  up  and  laid  on  bits  of  paper  flamed 
blue  with  radfth  juice.  As  foon  as  the  paper  was  in  the  leaft 
reddened,  the  operation  was  completed  fo  that  there  was  always 
a very  fmall  excefs  of  acid,  for  which  half  a grain  was  con- 
ftantly  allowed ; but  no  allowance  was  made  for  the  fixed  air* 
which  always  remains  in  the  folution  ; but  as,  on  this  account* 
only  a fmall  quantity  of  the  alkaline  folution  was  ufed,  this 
proportion  of  fixed  air  muft  have  been  inconfiderable.  If  an 
ounce  of  the  folution  had  been  employed,  this  inappreciable 
portion  of  fixed  air  would  be  fufficient  to  caufe  a fenfible  error  : 
for  I judged  of  the  quantity  of  fixed  air  loft  by  the  difference 
betwixt  the  Weight  added  to  the  100  gr.  and  the  a&ual  weight 
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of  the  compound.  When  this  difference  amounted  to  2,2  gr, 
then  I judged  the  whole  of  the  fixed  air  expelled,  and  found  it  to 
be  fo,  as  100  gr.  of  this  alkaline  folution,  being  evaporated  to 
drynefs  in  a heat  of  300%  left  a refiduum  which  amounted  to 
io|  gr. ; which  ioi  gr.  contained  2,2  gr.  of  fixed  air,  as  will 
hereafter  be  feen. 

Hence  8,3  gr.  of  pure  vegetable  fixed  alkali,  free  from  fixed 
air  and  water,  or  10*5  of  mild  fixed  alkali,  were  faturated  by 
2,55  gr.  of  pure  marine  acul,  and  confequently  the  refulting 
neutral  fait  fhould,  if  it  .contained  ho  water,  weigh  u,85gr. ; 
but  the  falts  refulting  from  this  union  (the  folution  being  eva- 
porated to  perfect  drynefs  in  a heat  of  i6oJ  kept  up  for  tour 
hours)  weighed  at  a medium  12,66  gr.  Of  this  weight  1 1,85 
gr.  were. acid  and  alkali  ; therefore  the  remainder,  'U/3.  0,81  of 
gr.  were  water;  therefore  100  gr.  of  perfectly  dry,  digeftive 
lalt  contain  28  gr.  acid,  6,55  water,  65,4  of  fixed  alkali. - 

I was  then  curious  to  compare  my  experiments  with  thofe 
made  by  others,  but  could  not  find  any  made'  with  fufficient 
precifion  but  thofe  of  Mr.  homberg  in  the  Paris  Memoirs  for 
1699.  However,  as  to  fpirit  of  fait  1 did  not  think  proper  to 
.compare  them,  as  he  mentions  that  his  could  dilfolve  gold,  and 
therefore  was  probably  impure. 

OF  SPIRIT  OF  NITRE. 

l . - :•  • . :ri  : \'j:  . ■ • _ • v 

....  The  common  reddifh  brown,  or  greenifh  fpirit  of  nitre  con- 
taining, befides' acid  and  water,  a certain  portion  of  phlogifton, 
and  being  alfo  mixed  with  lome  portion  of  the  acid  of  fea  fait, 
I judged  unfit  for  thefe  trials,  and  therefore  ufed  only  the  de- 
phlogifticated  fort,  which  is  quite  colourlefs,  and  refemblespure 
water  in  its  appearance.  This  pure  acid  cannot  be  made  to  exift 
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m the  form  of  air,  as  Dr,  Priestley  has  fhewn  ; for  when  it 
is  deprived  of  water  and  phlogifton,  and  furnifhed  with  a due 
proportion  of  elementary  fire,  it  ceafes  to  have  the  properties  of 
an  acid,  and  becomes  dephlogifticated  air ; I could  not,  there- 
fore, determine  its  proportion  in  fpirit  of  nitre  as  I had  done 
that  of  the  marine  acid,  but  was  obliged  to  ufe  another 
method. 

ift.To  1 963.25  gr.  of  this  fpirit  of  nitre,  whofe  fpecific 
gravity  was  1,419,  I gradually  added  179,5  gr.  of  diftilled  wa- 
ter, and  when  it  cooled  I found  the  fpecific  gravity  of  this  mix- 
ture 1,389. 

2dly.  To  1984,5  gr.  of  this  I again  added  178,75  gr.  of  wa- 
ter.; its  fpecific  gravity  was  then  1,362. 

I then  took  100  gr.  of  a folution  of  fixed  vegetable  alkali, 
whofe  fpecific  gravity  was  1,097,  the  fame  I had  before  ufed  in 
the  trials  with  fpirit  of  fait,  and  found  this  quantity  of  alkali 
to  be  faturated  by  1 1 gr.  of  the  fpirit  of  nitre,  whofe  fpecific 
gravity  was  1,419  ; and  by  12  gr.  of  the  fpirit,  whofe  fpecific 
gravity  was  1,389  ; and  by  13,08  of  that,  whofe  fpecific  gra- 
vity was  1,362.  The  quantities  here  mentioned  were  the  me- 
dium of  five  experiments.  I found  it  neceffary  to  dilute  the 
nitrous  acid  with  a fmall  proportion  of  water,  of  which  I kept 
an  account.  When  I neglected  this  precaution,  I found  that 
part  of  the  acid  was  phlogiftiqated,  and  went  off  with  the  fixed 
air.  Note  alfo,  that  after  each  affufion  of  acid  ten  minutes 
were  allowed  to  the  matters  tQ  unite,  a precaution  which  I alfo 
found  abfolutely  neceffary. 

Hence  (upon  the  fuppofition  that  a given  quantity  of  fixed 
vegetable  alkali  is  faturated  by  the  fame  weight  of  both  acids) 
we  fee  that  11  gr.  of  fpirit  of  nitre,  whofe  fpecific  gravity  is 
1,419,  contain  the  fame  quantity  of  acid  as  27  gr.  of  fpirit  of 
Vol.  LXXI.  D 7 fait. 
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fait,  vvhofe  fpecific  gravity  is  1,098,  that  is,  3,55  gr. ; the 
remainder  of  11  gr.  is  therefore  mere  water,  viz.  7,45  gr.  ; 
confequently,  if  the  denfity  of  the  acid  and  water  had  not  been 
increafed  by  their  union,  the  fpecific  gravity  of  the  pure  and 
mere  nitrous  acid  fhould  be  11,8729;  for  the  fpecific  gravity 
of  this  acid  Ihould  be  as  its  abfolute  weight  divided  by  its  lofs 
of  weight  in  water,  and  this  lofs  fhould  be  as  the  total  lofs  of 
thefe  1 1 gr.  minus  the  lofs  of  the  aqueous  part.  Now  the  total 

lofs  = ^^=1  7,749,  and  the  lofs  of  the  aqueous  part  = 7,45, 

and  confequently  the  lofs  of  the  acid  part  is  7,749  — 7>45  — 
0,299,  anc^  therefore  the  fpecific  gravity  of  the  acid  part,  that 

is,  of  the  pure  nitrous  acid,  is  1 158729. 

But  it  is  well  known,  that  the  denfity  of  the  nitrous  acid, 
as  well  as  that  of  the  vitriolic,  is  increafed  by  its  union  with 
wate*  ; and  therefore  the  lofs  above  found  is  not  the  whole  of 
its  real  lofs  in  its  natural  ftate  (if  it  could  be  fo  found),  but  partly 
the  lofs  that  arifes  from  the  denfity  that  accrues  to  it  from  its 
union  with  water  : for  fince  its  denfity  is  increafed  by  this  union, 
its  lofs  is  lefs  than  it  would  be  if  the  nitrous  acid  had  only  its 
own  proper  denfity,  and  confequently  the  fpecific  gravity  above 
found  is  greater  than  its  real  fpecific  gravity. 

To  determine,  therefore,  the  real  fpecific  gravity  of  this  acid 
in  its  natural  flate,  the  quantity  of  accrued  denfity  muft  be 
found,  and  fubtradted  from  the  fpecific  gravity  of  the  fpirit  of 
nitre,  whofe  true  mathematical  fpecific  gravity  will  then  ap- 
pear. I endeavoured  to  effedl  this  by  mixing  different  portions 
of  fpirit  of  nitre  and  water,  remarking  the  diminution  of  their 
joint  volume  below  the  fum  of  the  fpaces  occupied  by  their  fe- 
parate  volumes ; but  could  never  attain  a fufficient  degree  of 

precifion. 


and  attractive  Powers  of  various  faline  Subfances . ip6 

precifion.  The  following  method,  though  not  exactly  accurat  e 
I found  more  fatisfadory.  r2  gr.  of  the  fpirit  of  nitre,  whofe 
fpecific  gravity  by  obfervation  was  1,389.,  contained  as  I fup- 
pofed  from  the  former  experiment  3,55  gr.  of  acid,  and  8,45 
of  water ; then  if  the  fpeciflc  gravity  of  the  pure  nitrous  acid 
were  11,872,  the  fpeciflc  gravity  of  this  compound  of  acid  and 
water  fhouid be  1,371;  for  the  lofsof  3,55  gr* acid  fhouid  b&o92pp9 
and  the  lofs  of  the  water  8,45  ; the  fum  of  the  Ioffes  8,749. 

4. 

T ry  # 

g~ 1,371  ; but,  as  I already  faid,  the  fpeciflc  gravity  by 

obfervation  was  1,389,  therefore  the  accrued  denfity  in  this 
cafe  was  at  leaft  ,018,  the  difference  betwixt  1,389  and  1,371. 

I fay  at  leaf,  for  as  the  fpecific  gravity  11,872  was  certainly 
too  high,,  the  lofs  of  3,55  gr.  acid  was  certainly  too  fmall ; 
and  if  it  were  greater,  the  mathematical  fpecific  gravity  1,371 
would  have  been  ftiil  lower.  However,  ,018  is  certainly  a near 
approximation  to  the  degree  of  denfity  that  accrues  to  3,55 
gr.  acid  by  their  union  to  7,45  gr.  of  water,  and  differs  inconfi- 
derably  from  the  truth,  as  will  appear  by  the  fequel : therefore 
fubtrafting  this  quantity  from  1,419  we  have  nearly  the  mathe- 
matical fpecific  gravity  of  that  proportion  of  acid  and  water, 
namely,  1,401.  And  fines  1 1 gr.  of  this  fpirit  of  nitre  contain 
3,55  gr.  acid  and  7,45  of  water,  its  lofs  of  weight  fhouid  be 

— 7,855,  and  fubtradting  the  lofs  of  the  aqueous  part  from 

this,  the  remainder  0,405  is  the  lofsof  the  3,55  gn  acid,  and 
confequently  the  true  fpecific  gravity  of  the  pure  and  mere  ni- 
trous acid  is  ~~  = 8,7654 ; this  being  fettled,  the  mathema- 
tical fpecific  gravity  and  true  increafe  of  denfity  of  the  above 
mixtures  will  be  found.  Thus  the  mathematical  fpecific  gra- 
vity of  12  gr,  of  that  fpirit  of  nitre,  whofe  fpecific  gravity  by 

D 2 obfervation 
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obfervation  was  1,389,  muft  be  1,355,  fuppofing  it  to  contain 
3,55  gr.  acid  and  8,45  of  water  ; for  the  lofs  of  3,55  gr.  acid  is 


3»5S 

8,7^3 


0,405,  and  the  lofs  of  water  8,45  ; the  fum  of  thefe 


lofies  is  8,855.  Then,  = 1 ?355>  an^  confequently  the  ac- 
crued denfity  is  1,389  - 1,355  = ,034.  In  the  fame  manner  it 
will  be  found,  that  the  mathematical  fpecific  gravity  of  13,08 
gr,  of  that  fpirit  of  nitre,  whofe  fpecific  gravity  by  obfervation 
was  1,362,  muft  be  1,315,  and  confequently  its  accrued  den- 
fity  ,047. 

But  the  whole  ftill  refts  upon  the  fuppofition  that  each  of 
thefe  portions  of  fpirit  of  nitre  contain  3,55  gr.  of  acid.  To 
verify  this  fuppofition,  I could  think  of  no  better  method  than 
that  of  examining  the  mathematical  fpecific  gravities  of  the 
flrft  mixture  I had  made  of  fpirit  of  nitre  and  water  in  large 
quantities ; for  if  the  mathematical  fpecific  gravities  of  thefe 
agreed  exactly  with  thofe  of  the  quantities  I had  fuppofed  in 
fmaller  portions  of  each,  I could  not  but  conclude,  that  the 
fuppofitions  of  fuch  proportions  of  acid  and  water,  as  I had 
determined  in  each,  was  juft ; and  that  this  was  the  cafe  will 
appear  by  the  following  calculations. 

1 ft.  When  to  1963,25  gr.  of  fpirit  of  nitre,  whofe  fpecific 
gravity  was  1,419,  179 ,5  gr.  of  water  were  added,  the  quan- 
tity of  acid  upon  the  above  fuppofition  fliould  be  634,53  gr.  ; 
for  11  . 3,55  ::  1963,25 . 634,53  • the  quantity  of  waterin 
thofe  1963,25  gr.  of  fpirit  of  nitre  (hould  then  be  1328,72,  and 
after  adding  179,5  gr.  of  water,  the  whole  quantity  of  acid 


634-  53 

and  water  fliould  be  2142,75,  the  lofs  of  acid  was  ^ ? = 

7 1,24,  and  the  fum  of  the  Ioffes  1 580,46 : then  the  mathematical 

fpecific 
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fpecific  gravity  Ihould  be  7“^  - 1 >355,  which  is  exactly  the 

fame  as  that  which  was  found  in  1 2 gr.  of  this  fpirit  of  nitre, 
on  the  fuppofition  that  they  contained  3,55  gr.  acid. 

Again : when  to  1984,5  gr.  of  this  mixture  I added  178,75 
gr.  of  water,  the  whole  quantity  of  diluted  fpirit  of  nitre  was 
2163,25  gr.  and  the  quantity  of  acid  in  1984,5  gr.  was  587,081 
gr.  for  77  12  . 3,55  ::  1984,5  . 587,081  ; the  lofs  of  this  quan- 
tity of  acid  is  66,96  gr.  and  the  fum  of  the  Ioffes  of  acid 
and  water  is  1643,129  gr. ; and  confequently  the  mathema- 

tical  fpecific  gravity  fhould  be  ~ 1,31 5,  which  is  the 

fame  as  that  determined  in  13,08  gr.  of  the  fame  mixture. 

By  continuing  thefe  mixtures  until  I found  the  mathematical 
fpecific  gravity  and  that  by  obfervation  nearly  to  coincide,  1 was 
enabled  to  draw  up  the  following  table,  in  which  if  any  errors 
be  found,  I hope  they  will  be  excufed,  from  the  mipoffibiiity 
of  avoiding  them  where  the  weights  mu  ft  be  found  with  fuch 
extreme  precifion : the  two  firft  feries  were  only  found  by 
analogy. 
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Spirit 

of 

nitre. 

Acid. 

Water. 

Accrued 

denfity. 

Mathema- 
tical fpecific 
gravity. 

Specific 

gravity  by 
obfervation 

Attraft. 

of  the  acid 
to  water. 

Atrratt. 
of w atcr to 
the  acid. 

Grs. 

Grs. 

Grs. 

9 

- - 

5>4S 

,000 

i>537 

i,537 

- - 

- - 

IO 

- - 

65  45 

,009 

1,458 

1,467 

,009 

,054 

1 1 

- - 

7 ,45 

,018 

i,4° 1 

1,419 

,018 

,045 

12 

- - 

8,45 

,034 

i,355 

i,389 

,027 

,036 

13,08 

- - 

9>53 

,047 

1,315 

1,362 

,036 

,027 

14, >5 

- - 

10,6 

,051 

1,286 

i,337 

,045 

,o*i  8 

*5’*3 

- - 

1 1,68 

,054 

1,260 

1,3*4 

,054 

,009 

16,305 

- - 

12,755 

,054 

1,238 

1,292 

,054 

,009 

I7?3^ 

- 

13,83 

,051 

1,220 

1,271 

1 8?445 

- - 

14,9 

,047 

1,205 

1,252 

*9,53 

- - 

15,98 

,044 

1,191 

1,235 

20,605 

- - 

17,055 

,042 

1,180 

1,222 

21,68 

- - 

18,13 

,040 

i,i77 

1,217 

22,755 

- - 

19,205 

,038 

1,160 

1,198 

23,83 

- - 

20,28 

,036 

1,152 

1, 1 S3 

24,905 

- - 

2i,45 

,°33 

1,144 

i,i77 

26,17 

- - 

22,62 

,030 

1,132 

1,162 

27,34 

3/55 

23,79 

,027 

1,130 

i,i57 

28,51 

24,96 

,026 

1,124 

1,15° 

29,68 

- - 

26,13 

,024 

1,114 

i,i38 

30,85 

- - 

27 ,3° 

,022 

1,113 

M35 

32,02 

- - 

28,47 

,020 

1,109 

1,129 

33,09 

- - 

29,54 

,018 

1,102 

1,120 

34,26 

- - 

3o,7i 

,016 

1,101 

1,117 

35,43 

- - 

3 1 **88 

,014 

1,097 

1,1 1 1 

36,60 

- - 

33>°5 

,012 

1,094 

1,106 

37,77 

- - 

34,22 

,010 

1,090 

I, ICO 

38,94 

- - 

35,39 

,008 

1,088 

1,096 

40,11 

- - 

36>5<> 

,006 

1,085 

1,091 

41,28 

- - 

37,73 

,004 

1,082 

1,086 

42,45 

- - 

38,90 

,002 

1,080 

1,082 

The  intermediate  fpecific  gravities  may  be  found  by  taking 
an  arithmetical  mean  between  the  fpecific  gravities  by  obferva- 
tion  betwixt  which  that  fought  lies,  and  noting  how  much  it 
exceeds  or  falls  fhort  of  fuch  arithmetical  mean  ; and  then  tak- 
ing alfo  an  arithmetical  mean  betwixt  the  mathematical  fpecific 
6 gravities 
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gravities  betwixt  which  that  fought  for  muft  lie,  and  a propor- 
tionate excefs  or  defect. 

I have  added  a column  of  attraction  of  the  nitrous  acid  to 
water  as  far  as  it  keeps  pace  with  the  increafe  of  denfity,  but 
no  farther,  as  I am  unacquainted  with  the  law  of  its  further 
increafe. 

The  fpecific  gravity  of  the  ftrongeft  fpirit  of  nitre  yet  made 
is,  according  to  Mr.  baume,  1,500;  and  according  to  Mr. 
BERGMAN,  1,586. 

I next  proceeded  to  examine  the  proportion  of  acid,  water, 
and  fixed  alkali  in  nitre,  in  the  fame  manner  as  I had  before 
done  that  in  digeftive  fait,  and  found  that  100  gr.  of  perfeftly 
dry  nitre  contain  28,48  gr.  acid,  5,2  of  water,  and  66,32  of 
fixed  alkali. 

I fhall  now  compare  the  refult  of  thefe  experiments  with 
thofe  of  Mr.  homberg. 

The  fpecific  gravity  of  the  fpirit  of  nitre  which  Mr.  hom- 
berg made  ufe  of  was  1,349  ; and  of  this,  he  fays,  1 oz.  2 dr. 
and  36  gr.  that  is,  621  Troy,  are  requisite  to  faturate  1 French 
(oz.  472,5  Troy)  of  dry  fait  of  tartar;  according  to  my  com- 
putation 613  gr.  are  fufficient ; for  this  fpecific  gravity  lies  be- 
tween the  tabular  fpecific  gravities  by  obfervation  1,362  and 
1, 337,  and  is  nearly  an  arithmetical  mean  between  them.  The 
correfponding  mathematical  fpecific  gravity  lies  betwixt  the  ta- 
bular quantities  1,315  and  1,286,  and  is  nearly  1,300.  Now, 
the  proportion  of  acid  and  water  in  this  is,  2,629  acich  and 

8>765 

7,465  of  water;  for  — 1,300  8,765  x .300 

= 7,465  water  and  = 2,629,  of  acid; 

and  the  fum  of  both  is  10,044.  Now,  fince  10,5  gr.  mild  ve- 
getable fixed  alkali  require  3,55  gr.  of  acid  for  their  faturation, 

472,5 
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47.2.5  will  require  159,7;  therefore,  if  10,044  gr.  of  nitre 
contain  2,629  gr.  acid,  the  quantity  of  this  Ipirit  of  nitre  re- 
quifite  to  give  159,7  be  613,2  nearly>  a^d  hence  the  differ- 
ence betwixt  us  is  only  about  8 gr. 

2dly.  Mr.  homberg  fays,  he  found  his  fait,  when  evapo- 
rated to  drynefs,  to  weigh  186  gr.  more  than  before  ; whereas, 
by  my  experiment,  it  fhould  weigh  but  92,8  gr.  more  than  at 
firft.  I fhall  mention  the  caufe  of  this  difference  in  treating  of 
tartar  vitriolate,  for  it  cannot  be  intirely  attributed  to  the  dif- 
ference of  evaporation. 

3dly.  Mr.'  homberg  infers,  that  1 oz.  (that  is,  472,5  Troy 
gr.)  of  this  fpirit  of  nitre  contains  141  gr.  Troy  of  real 
acid:  by  my  computation  it  contains  but  123,08  gr.  of  real 
acid.  This  difference  evidently  proceeds  from  his  negledling 
the  quantity  of  water  that  certainly  enters  into  the  composition 
of  nitre;  for  he  proceeds  on  this  analogy,  621  . 186,6  :: 

472.5  . 141. 

The  proportion  of  fixed  alkali  I have  afligned  to  nitre  is  fully 
confirmed  by  a very  curious  experiment  of  Mr.  Fontana’s, 
inferted  in  rozier’s  Journal  for  November  1778.  This  inge- 
nious'philofopher  decompofed  2 oz.  of  nitre  by  diftilling  it  in  a 
irrong  heat  for  eighteen  hours.  After  the  diftillation  there  re- 
mained in  the  retort  a lubftance  purely  alkaline,  amounting  to 
10  French  dr.  and  12  gr.  Now  2 French  oz.  = 944  gr.  Trov, 
and  the  alkaline  matter  amounts  to  607  gr.  Troy  ; and,  accord- 
ing to  my  computation,  944  gr.  of  nitre  fhould  contain  625 
of  alkali.  So  fmall  a difference  may  fairly  be  attributed  to  the 
lo'fs  in  transferring  from  one  veffel  to  another,  weighing,  filter- 
ing, evaporating,  &c. 

Mr.  lavoisier,  in  the  Paris  Memoirs  for  the  year  1 776,  has 
given  us,  after  Dr.  priestley,  the  analyfis  of  the  nitrous  acid. 

In 
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Jn  2 oz.  French  meafure  ( = 945  gi*.  Troy)  of  fpirit  of  nitre, 
whofe  fpecific  gravity  was  1,3160,  he  diflolved  2 oz.  and  1 dr. 
of  mercury ; the  quantity  of  air  obtained  during  the  folutiou 
was  190  cubic  inches  French  ( — 202,55  Englifh).  This  air  was 
all  nitrous.  There  remained  a white  mercurial  fait,  which, 
being  diftilled,  afforded  1 2 cubic  inches  ( ~ 12,785  Englifh)  of 
air  mixed  with  red  vapours,  and  which  differed  little  from  com- 
mon air.  There  afterwards  arofe  224  cubic  inches  ( — 238,56 
Englifh)  of  dephlogifticated  air,  during  the  production  of  which, 
the  mercury  was  almoft  revivified,  there  remaining  but  a few 
grains  of  a yellow  fublimate.  The  1 2 inches  of  air  mixed  with 
red  vapours  arofe,  he  fays,  from  a mixture  of  36  cubic  inches 
of  nitrous  air  ( = 38,34  Englifli)  and  14  of  dephlogifticated  air 
(14,91  Englifh);  and  as.  the  mercury  was  almoft  wholly  re- 
vived, he  concludes,  thefe  airs  arofe  from  the  nitrous  acid,  and 
formed  it ; and  hence  infers,  that  16  oz.  of  this  fpirit  of  nitre 
( =7560  gr.  Troy)  contained  13  oz.  7 dr.  364.  gr.  (that  is,  6589 
gr.  Troy)  of  water,  and  confequently  only  971  gr.  Troy  of 
real  acid,  and  therefore  2 oz.  of  this  fpirit  of  nitre  contained 
but  120  gr.  Troy  of  real  acid:  but,  by  my  calculation,  2 oz. 
of  this  fpirit  of  nitre  contained  2 1 3 gr.  acid ; for  its  ma- 
thematical fpecific  gravity  is  1,265.  The  fame  weight  of 
acid  will  alfo  be  found  in  it  by  computing  the  weight  of  the 
volumes  of  the  different  airs  he  himfelf  found  it  confift  of,  or 
at  leaft  to  afford  by  its  decompofition ; for  202,55  cubic  inches 
of  nitrous  air  weigh,  by  Mr.  fontana’s  experiment,  80,8174 
gr.  Troy,  and  238,56  inches  of  dephlogifticated  air  weigh 
100,1952  gr.  Troy,  and  adding  to  thefe  the  weight  of  38,34 
inches  of  nitrous  air,  and  of  14,91  of  dephlogifticated  air, 
which  made  the  12  cubic  inches  of  air  mixed  with  red  vapours, 
we  (hall  find  the  whole  weight  of  thefe  airs  to  be  202, z 81  gr. ; 
You  LXXL  E the 
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the  few  grains  wanting  of  213  gr.  may  be  accounted  for  from 
the  abforption  of  the  water  in  which  he  received  the  airs,  and 
by  allowing  for  that  full  remaining  in  the  yellow  fublimate. 

1 

OF  OIL  OF  VITRIOL. 

The  oil  of  vitriol  I made  ufe  of  was  not  perfectly  dephlo- 
gifticated  ; but  though  pale  yet  a little  inclined  to  red.  It  con- 
tained fome  whitifh  matter,  as  I perceived  by  its  growing  milky 
on  the  affufion  of  pure  diftilled  water.  How  far  this  mav  alter 
the  refult  of  the  following  experiments  I have  not  tried  ; but 
believe  it  to  be  as  pure  as  that  which  is  commonly  ufed  in  all 
experiments,  and  therefore  the  fitteft  for  my  purpofe. 

To  2519,75  gr.  of  this  oil  of  vitriol,  whofe  fpecific  gravity 
was  1,819,  I gradually  added  180  gr.  of  diftilled  water,  and 
fix  hours  after  found  its  fpecific  gravity  to  be  1,771. 

To  this  mixture  I again  added  1 78,75  gr.  of  water,  and  found 
its  fpecific  gravity,  when  cooled  to  the  temperature  of  the  at- 
mofphere,  to  be  1,719  ; it  was  then  milky. 

I then  faturated  the  fame  quantity  of  the  oil  of  tartar  above 
mentioned  with  each  of  thefe  forts  of  oil  of  vitriol  in  the 
manner  already  mentioned,  and  found  the  faturation  to  be  ef- 
fected (taking  the  medium  of  five  experiments)  by  6,5  gr.  of 
that  whofe  fpecific  gravity  was  1,819;  by  6,96  gr.  of  that 
whofe  fpecific  gravity  was  1,771  ; and  by  7,41  of  that  whofe 
fpecific  gravity  was  1,719. 

I was  obliged  to  add  a certain  proportion  of  water  to  each  of 
thefe  forts  of  oil  of  vitriol ; for  when  they  were  not  diluted,  I 
perceived  that  part  of  the  acid  was  phlogifticated,  and  went  off 
with  the  fixed  air  ; but  knowing  the  quantity  of  water  that  was 
added,  it  was  eafy  to  find,  by  the  rule  of  proportion,  the  quan- 
tity 
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tity  of  each  fort  of  oil  of  vitriol  that  was  taken  up  by  the 
alkali* 

Hence  I fuppofed,  that  each  of  thefe  quantities  of  oil  of  vi- 
triol of  different  denfities  contained  3,55  gr.  of  acid,  as  they 
faturated  the  fame  quantity  of  vegetable  fixed  alkali  as  i 1 gr.  of 
fpirit  of  nitre,  which  contained  that  quantity  of  acid. 

I then  endeavoured  to  find  the  fpecific  gravity  of  the  pure 
vitriolic  acid  in  the  fame  manner  as  I before  had  that  of  the 
nitrous,  as  it  cannot  be  had  in  the  fhape  of  air  unlefs  united  to 
fuch  a quantity  of  phlogifton  as  quite  alters  its  properties.  The 
lofs  of  6,5  gr.  of  oil  of  vitriol,  whofe  fpecific  gravity  is  1,^19 

is  y^^  = 3,572  ; but  as  thefe  6,5  gr.  contained,  befides  3,55 

gr.  acid,  2,95  of  water,  the  lofs  of  this  mu  ft  be  fubtra&ed 
from  the  intire  lofs,  and  then  the  remainder  0,622  is  the  lofs  of 
the  pure  acid  part  in  that  ftate  of  denfity  to  which  it  is  reduced 
by  its  union  with  water.  The  fpecific  gravity  therefore  of  the 

pure  vitriolic  acid  in  this  ftate  of  denfity  is  = 5,707.  But 

to  find  its  natural  fpecific  gravity  we  muft  find  how  much  its 
denfity  is  increafed  by  its  union  with  this  quantity  of  water  : 
and,  in  order  to  ohferve  this,  I proceeded  as  before  with  the 
nitrous  acid.  6,96  gr.  of  oil  of  vitriol,  whofe  fpecific  gravity 
was  1,771,  contained  3,55  gr.  acid,  and  3,41  of  water;  then 
its  fpecific  gravity  by  calculation  fhould  be  1,726,  for  the  lofs 

of  3,55  gr.  acid  is  -—-  = 0622  ; the  lofs  of  3,41  gr.  water  is 

*3? « § 

3,41  ; the  fum  of  the  lofles  4,032.  Then,  —— =17,261  ; 

therefore  the  accrued  denfity  is  1,771  - i,726  = ,045.  Taking 
this  therefore  from  1,819,  *ts  mathematical  fpecific  gravity  will 
be  1,774,  then  the  lofs  of  6,5  gr.  of  oil  of  vitriol,  whofa 

E 3 fpecific 
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fpecific  gravity  by  obfervation  is  1,819,  will  be  found  to  be 
= 3,664  ; but  of  this  2,95  gr.  are  the  lofs  of  the  water  it 
contains,  and  the  remainder  0,714  * are  the  Lofs  of  the  mere 

<2  r r m 

acid  part.  Then,  n 4,9649  is  nearly  the  true  fpecific  gra- 
vity of  the  pure  vitriolic  acid. 

I then  found  the  true  increafe  of  denfity  arifing  from  the 
union  of  the  vitriolic  acid  and  water  in  the  foregoing  mixtures, 
and  obferved,  that  in  oil  of  vitriol,  whofe  fpecific  gravity  was 
1,771,  it  was  0,84,  and  in  that  whofe  fpecific  gravity  was 
1,719,  it  was  0,100. 

To  obtain  a fynthetical  proof  of  thefe  deductions,  I compared 
them  with  the  fpecific  gravities  of  the  firft  mixtures  I had  made  ; 
for  if  thefe  deductions  were  true,  the  mathematical  fpecific  gra- 
vities, and  the  accrued  denfities,  added  to  each  other,  (hould 
amount  to  the  fame  quantity  as  the  fpecific  gravities  by  obferva- 
tion ; and  this  I found  to  happen  very  nearly ; for  in  the  firft 
experiment,  where  2519,75  gr.  of  oil  of  vitriol,  whofe  fpecific 
gravity  was  1,819,  were  mixed  with  180  gr.  of  water,  that  oil 
of  vitriol  contained  by  my  calculation  1376,171  gr.  of  acid  and 
1143,597  gr.  of  water,  befides  the  180  gr.  of  water- that  were 
• • 1376  1 7 1 

added  to  it,  the  lofs  of  the  acid  was  = 277,22..  The 

whole  quantity  of  oil  of  vitriol  was  2699,75  gr. then  the 
fum  of  the  lofles  was  1600,81  ; and  therefore  the  mathemati- 
cal fpecific  gravity  — 1,686  ; to  which,  adding  ,084  the 

degree  of  accrued  denfity,  the  fpecific  gravity  by  obfervation 

* By  miflake,.the  following  calculations  were  made  on  the  fuppofition  that  the 
lofs  was  0,715  ; the  difference  being  immaterial,  the  calculations  were  not 
icpeated. 

t Ihould 
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fhould  be  1,770,  which  wants  lefs  than  1 oooth  part  in  270a 
of  being  juft. 

Again:  in  the  mixture,  whofe  fpecific  gravity  was  1,719 
the  fum  of  the  Ioffes  was  1779,549,,  and  the  weight  of  the 
whole  2878,4,  the  mathematical  fpecific  gravity  fhould  be 

1,617,  to  which  adding  0,100,  the  fpecific  gravity 

by  obfervation  fhould  be  1,717,  which  is  nearly  the  truth. 

By  continuing  thefe  mixtures  until  the  fpecific  gravities  by 
calculation  and  obfervation  nearly  coincided,  I formed  the  fol- 
lowing table.*  The  extra-tabular  proportions  are  to  be  fought 
in  the  manner  already  fhewn ; the  two  firft  feries  were  formed- 
by  analogy,. 
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The  fpecific  gravity  of  the  moft  concentrated  oil  of  vitriol 
yet  made  is,  according  to  Mr.  baume  and  bergman,  2,125, 

I afcertained  the  proportion  of  acid  water  and  fixed  alkali  in 
tartar  vitriolate,  as  before,  in  nitre  and  digeftive  fait.  I found 
the  faits,  refulting  from  the  faturation  of  the  fame  oil  of  tar- 
tar, with  portions  of  oil  of  vitriol  of  different  fpecific  gravi- 
ties, to  weigh,  at  a medium,  12,45  gr-  Of7  this  weight  only 
11, 85  gr.  were  alkali  and  acid,  the  remainder  therefore  was 
water,  viz.  0,6  of  a grain ; confequently  100  gr.  of  perfedly 
dry  tartar  vitriolate  contain  28,51  gr.  acid,  4,82  of  water,  and< 
66,67  of  fixed  vegetable  alkali.  Note,  in  drying  this  fait  I 
ufed  a heat  of  240°  to  expel  the  adhering  acid  more  thoroughly^ 
I kept  it  in  that  heat  a quarter  of  an  hour. 

According  to  Mr.  fiomberg,,  i French  oz.  (or  472,5  gr„ 
Troy)  of  dry  fait  of  tartar  required  297,5  gr.  Troy  of  oil  of 
vitriol,  whofe  fpecific  gravity  was  1,674,  to  faturate  it ; but, 
by  my  calculation,  this  quantity  of  fixed  alkali  would  require 
325  gr. : a difference  which,  confidering  our  different  methods 
of  determining  the  fpecific  gravity  of  liquids  (his  method, 
viz.  that  by  menfuration,  giving  it  always  lefs  than  mine)  the 
different  deficcation  of  our  alkalies,  &c.  may  pafs  for  incon- 
fiderable. 

The  refulting  fait  weighed,  according  to  Mr.  homberg, 
182  gr.  Troy  above  the  original  weight  of  the  fixed  alkali ; 
but  by  my  experiment  it  fhould  weigh  but  87,7  gr.  more  ; for 
K 10,5  . 12,45  ::  4 72,5  • 560,2.  It  is  hard  to  fay  how  Mr.. 
homberg  could  find  this  great  excefs  of  weight  both  in  nitre 
and  tartar  vitriolate,  unlefs  he  meant  by  the  original  weight  of 
the  fait  of  tartar  the  weight  of  the  mere  alkaline  part,  diftind 
from  the  fixed  air  it  contained:  and  indeed  one  would  be 
tempted  to  think,  he  did  make  this  difliadion ; for  in  that 
6 cafe 
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ca  e the  excefs  of  weight  will  be  very  nearly  fuch  as  he  deter- 
mined it:  for  10,5  . 8,31:472,5  . 373,3.  Now,  the  whole 
weight  of  his  nitre  was  560,2,  as  I have  above  fhewn : then 
560,2  - 373,3  = 1 16,9,  which  is  only  4 gr.  more  than  he  de- 
termined it. 

Hence  he  inferred,  that  1 oz,.  (472,5  gr.  Troy)  of  this  oil 
of  vitriol  contains  291,7  gr.  of  acid.  By  my  computation  it 
contains  but  213,3;  but  it  muft  be  confidered,  he  made  no 
allowance  for  the  water  contained  in  tartar  vitriolate,  and  ima- 
gined the  whole  of  the  increafe  of  weight  proceeded  from  the 
acid  that  is  united  in  it  to  the  fixed  alkali.  Now  the  aqueous 
part  iii  560  gr.  of  tartar  vitriolate  amounts  to  37  gr.  the  re- 
maining difference  may  be  attributed  to  the  different  •degrees  of 
deficcation,  &c. 


OF  THE  ACETOUS  ACID. 

I have  made  no  experiment  on  this  acid  ; but,  by  calculating 
from  the  experiment  of  Mr.  hoMBERG,  I find  the  fpecific  gra- 
vity of  the  pure  acetous  acid,  free  from  fuperfluous  water* 
fhould  be  2,130.  It  is  probable,  its  affinity  to  water  is  not 
ftrong  enough  to  caule  any  irregular  increafe  in  its  denfity,  at 
lead:  that  can  be  exprefled  by  three  decimals  ; and  hence  its  pro- 
portion of  acid  and  water  may  always  be  calculated  from  its 
fpecific  gravity  and  abfolute  weight. 

100  parts  of  foliated  tartar,  or  (as  it  ffiould  rather  be  called) 
acetous  tartar,  contain  well  dried  32  of  fixed  alkali,  19  of  acid, 
and  49  parts  of  water. 

The  fpecific  gravity  of  the  flrongefl  concentrated  vinegar  yet 
made  is  1 ,069. 


It 
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It  is  harder  to  find  the  point  of  faturation  with  the  vegetable 
than  with  the  mineral  acids  ; becanfe  they  contain  a mucilage 
that  prevents  their  immediate  union  with  alkalies,  and  hence 
they  are  commonly  ufed  in  too  great  quantity.  They  fhould 
be  ufed  moderately  hot,  and  fufficient  time  allowed  them  to 
unite. 

From  thefe  experiments  it  follows  : 

1 ft.  That  fixed  vegetable  alkalies  take  up  an  equal  quantity  of 
the  three  mineral  acids,  and  probably  of  all  pure  acids  ; for  we 
have  feen,  that  8,3  grains  of  pure  vegetable  alkali  (that  is,  free 
from  fixed  air)  take  up  3,55  gr.  of  each  of  thefe  acids,  and  con- 
fequently  100  parts  of  cauftic  fixed  alkali  would  require  42,4 
parts  of  acid  to  faturate  them.  Now,  Mr.  bergman  has 
found,  that  100  parts  of  cauftic  fixed  vegetable  alkali  take  up 
47  parts  of  the  aerial  acid,  which,  confidering  his  alkali  might 
contain  fome  water,  differs  but  little  from  my  calculation.  It 
ftipuld  therefore  feem,  that  alkalies  have  a certain  determinate 
capacity  of  uniting  to  acids,  that  is,  to  a given  weight  of  acids ; 
and  that  this  capacity  is  equally  fatiated  by  that  given  weight 
of  any  pure  acid  indifcriminately.  This  weight  is  about  2,35 
of  the  weight  of  the  vegetable  alkali. 

2dly.  That  the  three  mineral  acids,  and  probably  all  pure 
acids,  take  up  2,253  times  their  own  weight  of  pure  vegetable 
alkali,  that  is,  are  faturated  by  that  quantity. 

3dly.  That  the  denfity  accruing  to  compound  fubftances 
from  the  union  of  their  component  parts,  and  exceeding  its 
mathematical  ratio,  increafes  from  a minimum,  when  the  quan- 
tity of  one  of  them  is  very  fmall  in  proportion  to  that  of  the 
other,  to  a maximum , when  their  quantities  differ  lefs ; but 
that  the  attraction,  on  the  contrary,  of  that  part  which  is  in 
the  fmalleft  quantity  to  that  which  is  in  the  greater,  is  at  its 
Vol.  LXXI.  F maximum 
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maximum  when  the  accrued  denfity  is  at  its  minimum , but  not 
reciprocally  ; and  hence  the  point  of  faturation  is  probably  the 
maximum  of  deniity  and  the  minimum  of  fenfible  attra&ion  of 
one  of  the  parts.  Hence  no  decompofition  operated  by  means 
of  a fubftance  that  has  a greater  affinity  with  one  part  of  a com- 
pound than  with  the  other,  and  than  thefe  parts  have  to  each 
other,  can  be  complete,  unlefs  the  minimum  affinity  of  this 
third  fubftance  be  greater  than  the  maximum  affinity  of  the 
parts  already  united.  Hence  few  decompofitions  are  complete 
without  a double  affinity  intervenes  ; and  hence  the  laft  portion 
of  the  feparated  fubftance  adheres  fo  obftinately  to  that  to 
which  it  was  firft  united,  as  all  chemifts  have  obferved.  Thus, 
though  acids  have  a greater  affinity  to  phlogifton  than  the  earths 
of  the  different  metals  have  to  it,  yet  they  can  never  totally 
dephlogifticate  thefe  earths  but  only  to  a certain  degree ; fo 
though  atmofpheric  air,  and  particularly  dephlogifticated  air, 
attracts  phlogifton  more  ftrongly  than  the  nitrous  acid  does ; yet 
not  even  dephlogifticated  air  can  deprive  the  nitrous  acid  totally 
of  its  phlogifton,  as  is  evident  from  the  red  colour  of  the  nitrous 
acid  when  nitrous  air  and  dephlogifticated  air  are  mixed  toge- 
ther. Hence  alfo  mercury  precipitated  from  its  folution  in  any 
acid,  even  by  fixed  alkalies,  conftantly  retains  a portion  of  the 
acid  to  which  it  was  originally  united,  as  Mr.  bayen  has 
fhewn ; fo  alfo  does  the  earth  of  allum,  when  precipitated  in 
the  fame  manner  from  its  folution  ; and  thus  feveral  anomalous 
decompofitions  may  be  explained.  Indeed,  I have  reafon  to 
doubt,  whether  mercury  does  not  attradl  acids  more  ftrongly 
than  alkalies  attradl  them. 

4thly.  That  concentrated  acids  are,  in  fome  meafure,  phlo- 
gifticated,  and  evaporate  by  union  with  fixed  alkalies. 
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5thly.  That,  knowing  the  quantity  of  fixed  alkali  in  oil  of 
tartar,  we  may  determine  the  quantity  of  real  pure  acid  in  any 
other  acid  fubftance  that  is  difficultly  decompofed,  as  the  feda- 
tif  acid,  and  thofe  of  vegetables  and  animals  ; for  10,5  gr.  of 
the  mild  alkali  will  always  be  faturated  by  3,55  gr.  of  real  acid  : 
and  reciprocally,  the  quantity  of  acid  in  any  acid  liquor  being 
known,  the  quantity  of  real  alkali  in  any  vegetable  alkaline 
liquor  may  be  found. 

OF  THE  SPECIFIC  GRAVITY  OF  FIXED  AIR 
IN  ITS  FIXED  STATE* 

% « • '■**  •"*  - . J y . .. ^ 

Being  defirous  to  know  the  fpecific  gravity  of  fome  fub- 
ftances  which  are  difficultly  procured,  or  at  leaft  preferved  for 
any  time,  free  from  fixed  air,  fuch  as  fixed  and  volatile  alkalies, 
I was  induced  to  feek  the  fpecific  gravity  of  the  former  in  its 
fixed  ftate  as  of  an  element  neceffary  to  the  calculation  of  the 
latter  ; it  being  very  evident,  that  its  denfity,  in  its  fixed  ftate, 
mu  ft  be  very  different  from  that  which  it  poffeffes  in  its  fluid 
elaftic  ftate. 

I therefore  took  a piece  of  white  marble,  of  the  pureft  kind, 
which  weighed  440,25  gr.  and  weighing  it  in  water,  found  it 
to  lofe  162  gr. ; its  fpecific  gravity  was  therefore  2,7175. 

Of  this  marble,  reduced  to  a fine  powder,  I put  180  gr. 
into  a phial,  and  expelling  the  fixed  air  by  the  dilut^  vitriolic 
acid  and  heat,  I found  its  quantity  amount  to  105,28  cubic 
inches ; the  thermometer  being  at  65°,  and  the  barometer  be- 
tween 29  and  30  inches,  this  bulk  of  air  would,  at  550  of 
Fahrenheit,  occupy  but  102,4  cubic  inches;  at  which  tem- 
perature, according  to  the  experiment  of  Mr,  font  an  a,  a 
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cubic  inch  of  fixed  air  (the  barometer  being  at  29°!)  would 
weigh  0,57  of  a grain;  therefore  the  weight  of  the  whole 
quantity  of  fixed  air  amounted  to  58,368  gr.  which  is  nearly 
one  third  of  the  weight  of  the  marble.  At  this  rate,  100  gr. 
of  the  marble  contained  32,42  of  fixed  air. 

To  determine  the  proportion  of  water  and  calcareous  earth, 
andalfo  the  fpecific  gravity  of  this  latter,  I put  3009,25  gr.  of 
the  fame  marble  finely  powdered  into  a crucible,  loofely  covered ; 
the  crucible  audits  contents,  before  calcination,  weighed  8394 
gr.  and  after  remaining  fourteen  hours  in  a white  heat  I found 
it  to  weigh  7067,5  gr.  The  weight  of  the  crucible  alone  was 
c3^4>75  gr*  5 therefore  the  weight  of  the  lime  fingly  was- 
1682,75  gr.  The  marble  then  loft  by  calcination  1326,5  gr. ; 
180  gr.  of  the  marble  fhould  then  lole  79,343  gr.  and  100  gr. 
lhould  lofe  44,08  ; but  of  thefe  44,08,  32,42  were  fixed  air,  as 
is  already  feen,  therefore  the  remainder,  that  is,  11,66  gr. 
were  water,  and  the  quantity  of  pure  calcareous  earth  in  100 
gr.  of  the  marble  was  55,92  gr. 

I next  proceeded  to  difeover  the  fpecific  gravity  of  the  lime. 

Into  a brafs  box,  which  weighed  607,65  gr.  and  in  the  bot- 
tom of  which  a fmall  hole  was  drilled,  I fluffed-  as  much  as 
poflible  of  the  finely  powdered  lime,  and  then  ferewed  the  cover 
on,  and  weighed  it  both  in  air  and  water.  When  immerfed  in 
this  latter,  a confiderable  quantity  of  common  air  was  expelled'; 
when  this  ceafed,  I weighed  it.  Therefultof  this  experiment 
was  as  follows : 


Weight 


end  attractive  Powers  of  various  faline  Subfiances . 

Gr. 


Weight  of  the  box  in  air  - 607,65 

Its  lofs  of  weight  in  water  - 73,75 ' 

Weight  of  the  box  and  lime  in  air  *043,5 

W eigh t of  the  li me  ftngly  in  air  — 43  5,85; 

Lofs  of  weight  of  the  box  and  lime  in- water.  256,5* 
Lofs  of  weight  of  the  lime  fingly  - • 182,3 


Hence,  dividing  the  abfolute  weight  of  the  lime  by  its  lofs 
in  water,  its  fpecific  gravity  was  found  to  be  2,3908.. 

From  thefe  data  I deduced  the  fpecific  gravity  of  fixed  .air  in 
its  fixed  fiate  ; for  100  gr.  of  marble  coniift  of,  55,92  of  earthy 
32,42  of  fixed  air,  and  11,66  of  water ; and  the  fpecific  gra- 
vity of  the  marble  is  2,7x  7.  Now,  the  fpecific  gravity  of  the 
fixed  air,  in  its  fixed  ftate,  is  as  its  abfolute  weight  divided  by 
its  lofs  of  weight  in  water;  and  its  lofs  of  weight  in  water  is 
as  the  lofs  of  100  gr.  of  marble  tninus  the  Ioffes  of  , the  pure 
calcareous  earth  and  of  the  wrater. 

Lofs  of  ioq  gr.  of  marble  = — 

2,717 

Lofs  of  55,92  gr.  calcareous  earth 

Lofs  of  1 .1,66  gr,  water  , = 

3'5>°5 


- 36,8  gn 
55,92 

= 2 3 ’3  9 r- 

11,6,6. 


Then  the  lofs  of  the  fixed  air  36,8  - 35,05  ^ 1,75  ; conse- 
quently, its  fpecific  gravity  is  —18,52;  by  which  it  appears 

to  be  the  heavieft  of  all  acids,  or  even  of  all  bodies  yet  known, 
gold  and  platina  excepted. 
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OF  FIXED  VEGETABLE  ALKALI. 

As  the  manner  of  conducting  the  experiments  I made  on  this 
fait  was  nearly  the -fame  as  that  I ufed  in  the  foregoing  (except 
that  to  find  its  fpecific  gravity  I weighed  it  in  aether  inftead  of 
water),  I fhall  content  myfelf,  to  avoid  the  repetition  of  tedious 
calculation,  with  relating  the  refult  of  thefe  experiments. 

1 ft.  I found  that  100  gr.  of  this  alkali  contain  about  6,7  gr. 
of  earth,  which,  according  to  Mr.  bergman,  is  filiceous  : this 
earth  paffes  the  filter  with  it  when  the  alkali  is  not  faturated 
with  fixed  air,  fo  that  it  feems  to  be  held  in  folution  as  in  liquor 
Jilicum . 

2dly.  I found,  that  the  quantity  of  fixed  air  in  oil  of  tartar 
and  dry  vegetable  fixed  alkali  is  various  at  various  times  and 
in  various  parcels  of  the  fame  fait ; but  that  at  a medium  in  tho 
purer  alkalies  it  may  be  rated  at  2 1 gr.  in  1 00  ; and  hence 
the  quantity  of  this  alkali  in  any  lolution  of  it  may  be  very 
nearly  guefled  at,  by  adding  a known  weight  of  a dilute  acid  to 
a given  weight  of  fuch  folution,  and  then  weighing  it  again  ; 
for  as  21  is  to  100,  fo  is  the  weight  loft  to  the  weight  of  mild 
alkali  in  fuch  folution. 

The  fpe'cific  gravity  of  mild  and  perfectly  dry  four  times  cal- 
cined fixed  alkali,  free  from  filiceous  earth,  and  containing  21 
per  ce?it.  of  fixed  air,  I found  to  be  5,0527. 

When  it  contains  more  fixed  air,  its  fpecific  gravity  is  proba- 
bly higher,  except  it  were  not  perfeflly  dry:  from  whence  I 
inferred  the  fpecific  gravity  of  this  alkali,  when  cauftic  and 
free  from  water,  to  be  4,234. 
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From  the  weight  of  the  aerial  acid,  in  its  fixed  flate,  it  hap- 
pens, that  fixed  alkalies,  when  united  to  it,  are  fpecifically 
heavier  than  when  united  either  to  the  vitriolic  or  nitrous  acids. 
Thus  Mr.  R.  watson,  in  the  Phil.  Tranf.  for  the  year  1770, 
p.  337.  found  the  fpecific  gravity  of  dry  fait  of  tartar  (including 
filiceous  earth)  to  be  2,761  : whereas  the  fpecific  gravity  of  tar- 
tar vitriolate  was  only  2,636,  and  that  of  nitre  1,933.  The 
reafon  why  nitre  is  fo  much  lighter  than  tartar  vitriolate,  is,  be- 
caufe  it  contains  much  more  water,  and  its  union  with  the 
alkali  is  lefs  intimate. 

Laftly,  I have  drawn  up  a table  of  the  quantity  of  mild  al- 
kali, containing  6,7  per  cent . of  earth  (which  is  its  ufual  degree 
of  purity)  to  be  found  in  natural  or  artificial  folutions  of  this 
alkali,  the  thermometer  at  63° ; and  though  it  is  not  quite  ac- 
curate, wanting  about  1,1  per  cent,  of  the  truth,  yet,  I pre- 
fume, it  may  be  found  ufeful,  as  this  error  is  eafily  corre&ed* 


Table 
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Table  of  the  contents  of  a foliation'  of  mild  vegetable  alkali, 
according  to  its  fpecific  gravity. 


.jr.  ot  the 

folution. 

Gr.  of 
alkali. 

Gr.  of 
water. 

Accrued 

denfity. 

Mathema- 
tical fpecific 
gravity. 

Specific 
gravity  by 
obiervation 

64,92 

- - 

38>67 

,050 

1,445 

',495 

70,60 

- - 

44,35 

,049 

1,393 

1,446 

76,28 

- - 

5°i°3 

,048 

J,35& 

*,404 

81,96 

- - 

55»7 1 

,047 

i>324 

*,37* 

87,6+ 

- - 

6i.39 

,046 

1,297 

',343 

93,32 

- - 

67,07 

,045 

1,274 

*,3*9 

99,00 

- - 

7a»75 

,044 

1,254 

1,298 

104,68 

- - 

78,43 

,043 

1,237 

1,280 

110,36 

- - 

84,  • • 

,042 

1,223 

1,265 

**5,98 

- - 

89.79 

,04* 

1,209 

1,250 

121,66 

- - 

95,4 

,040 

1,198 

*,238 

127.34 

- - 

101,15 

,039 

1,187 

1,226 

133,02 

- - 

106,83 

,038 

1,178 

1,216 

1 38»7 

- - 

1 12,51 

,037 

1,170 

1,207 

•44.3 

mmm  •— 

118,19 

,036 

1,162 

1,198 

149,98 

- ~ 

•23,87 

,°3S 

*,'55 

*,'90 

• 55.66 

• - “ 

129.55 

,°34 

',*49 

*j*83 

161,34 

- - 

135.23 

,°33 

*,*43 

*,*76 

167,02 

26,25 

140,9* 

,032 

i,*38 

1, *70 

•172,70 

- “ 

•46.59 

,031 

1,132 

*,'63 

•78>38 

- - 

•52,27 

,030 

1,128 

***58 

184,06 

- - 

*57,95 

,029 

1,123 

*»*52 

189,74 

- ~ 

*63,63 

,028 

1,119 

*,'47 

•95.42 

- ~ 

•69,31 

,027 

1,115 

1,142 

201,10 

- - 

*74,99 

,026 

1,112 

*,*38 

206,78 

- ~ 

180,67 

,025 

1,108 

*,'33 

212,46 

- ~ 

186,35 

,024 

1,105 

1,129 

218,14 

- - 

192,03 

,023 

1,100 

*»**3 

223,82 

- - 

*97,7* 

,022 

1,099 

1,121 

229,50 

- - 

203,39 

0,21 

1,097 

I,Il8 

235. 18 

- *“ 

209,07 

,020 

1,094 

1,114 

240,86 

- - 

214,75 

0,10 

1,092 

I, III 

246,54 

- - 

220,43 

,018 

1,089 

1,107 

252,12 

- - 

226,11 

0,17 

1,087 

1,104 

257,80 

- - 

23i579 

,016 

1,085 

1,101 

263,48 

- - 

237,47 

,015 

1,083 

1,098 

269,16 

- - 

243,15 

,014 

1,081 

1,095 

1 


Gr< 


and  attractive  Powers  of  various  f aline  Subjlances . 41 


Gr.  of  the 
; folution. 

Gr.  of 
alkali. 

Gr.  of 
water. 

Accrued 

denfity. 

Mathema- 
tical fpecific 
gravity. 

3 j 

Specific 
gravity  by 
obfervation 

274,7s 

- 

- 

248,83 

*015 

1,079 

1,092 

280^46 

- 

- 

254*51 

,012 

1,077 

1,089 

286,14 

- 

- 

260,19 

,on 

1,076 

1,087 

291,82 

- 

- 

265,87 

,010 

1,074 

1,084 

297*50 

- 

- 

271,5s 

*009 

1,070 

5?079 

3°3'lS 

- 

- 

277,23 

,008 

1,069 

1,077 

308,86 

26, 

25 

282,91 

,007 

1,068 

x>°  75 

3;I4>54 

- 

- 

2-88,59 

,006 

1,066 

1,072 

3^,22 

- 

- 

294,27 

5°°5 

1,065 

1,070 

324>9o 

- 

- 

3°°,45 

,004 

1,064 

1,068 

33°, 5s 

- 

- 

306,13 

*003 

1,063 

1,066 

1 33M6 

- 

- 

311,81 

-,002 

1,062 

1,064 

1 34i,94 

- 

- 

317,49 

,OOI 

I,06l 

1,062 

Impure  vegetable  fixed  alkalies  fuch  as  pearl' aft,  pot  aftes,  &c. 
contain  more  fixed  air,  as  appears  by  the  experiments  of  Dr* 
lewis.  Pearl  aft,  according  to  Mr.  cavendish,  contains  28,4 
or  28,7  per  cent . of  fixed  air.  Hence  in  lyes  of  equal  fpecific 
gravity  with  thofe  of  a purer  alkali,  the  quantity  of  faline  mat- 
ter will  be  more  probably  in  the  ratio  of  28,4  or  28,7  to  21  ; 
but  this  furplus  weight  is  only  fixed  air ; and  hence  even  in  thefe 
lyes  the  quantity  of  depurated  fait  they  will  afford  will  be  found 
by  the  above  table.  Much  alfo  depends  on  their  age,  the  oldeft 
containing  mod  fixed  air. 
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III.  Account  of  the  violent  Storm  of  Lightning  at  Eaft-bourn, 
in  Suflex,  Sept.  17,  1780;  communicated  by  Owen  Salufbury 
B rereton,  JS  fq.  F . R . and  A . S. 


Read  December  14,  1780. 


S I R> 

I AM  defired  by  my  friend  and  neighbour  james  adair,  Efq* 
of  Soho  Square,  to  communicate  to  you  an  account  of  the 
dreadful  accident  which  happened  to  him  and  his  family  atEaft- 
bourn,  in  the  county  of  Suflex,  at  nine  </ clock  in  the  morning, 
on  Sunday  the  feventeenth  of  September  laft.  He  rented  a 
houfe  which  flood  by  itfelf,  built  of  various  forts  of  ftone, 
three  ftories  high,  and  facing  the  fea,  which  was  nearly  South- 
eaft  of  it.  The  morning  was  very  ftormy,  with  rain,  thunder* 
and  lightning  ; and  juft  at  nine  o’clock  a horrid  black  cloud  ap- 
peared, out  of  which  Mr.  adair  faw  feveral  balls  of  fire  drop 
into  the  fea  fucceflively,  as  he  was  approaching  the  window  in 
a one-pair  of  flairs  room  ; and  very  foon  after,  as  he  was  ftand- 
ing  at  it  with  his  hands  clafped,  and  extended  open  againft  the 
middle  of  the  frame,  a moft  violent  flafh  of  fire  forced  his  hands 
afunder,  and  threw  him  feveral  yards  upon  the  floor  on  his 
back,  with  both  his  legs  upright  in  the  air,  which  remained 
long  fo  fixed.  He  was  very  fenfible  of  his  fituation  all  the  time, 
but  could  not  open  his  eyes  or  fpeak  ; nor  had  he  the  leaft 
power  of  motion  of  any  of  his  limbs  for  a long  time,  O11 
3 help 
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help  coming  in,  and  examining  his  cloaths,  which  were  blue 
cloth,  his  right  fleeve,  both  of  coat  and  waiftcoat,  and  alfo  fiiirt, 
were  all  torn  on  the  infide  of  the  arm  entirely  open,  as  if  by  a 
dog,  from  the  fhoulder  to  the  wrift ; the  right- fide  of  the 
breeches  was  torn  in  the  fame  manner,  and  part  of  each  of 
the  brafs  buttons  melted. 

He  had  in  his  fob  a gold  watch  with  a fteel  chain ; the  but- 
ton which  opens  it  and  three  other  places  of  the  cafe  were 
melted.  The  pendant  to  which  the  chain  is  fixed  was  almoft 
melted  through,  and  much  of  the  fteel  chain  is  incorporated  with 
it,  as  is  reciprocally  fome  gold  on  that  part  of  the  fteel  which 
was  within  the  fob.  The  going  of  the  watch  had  flopped  in- 
ftantaneoufly,  occafioned,  as  at  firft  appeared  by  the  fmall 
pendulum  fpiral  fteel  fpring  having  been  lengthened  ; not  that 
it  was  abfolutely  fo,  but  relatively,  refpedting  the  fcapement  of 
the  watch,  the  feveral  inner  turns  being  brought  clofer  together. 

His  right-arm,  right-fide,  and  thigh,  were  miferably  fcorched, 
and  the  fiefh  torn  : the  foot  of  the  flocking  of  his  right  leg  and  his 
ihoe  were  torn  in  feveral  places'  between  the  buckle  and  the  toe- 
end  of  the  Ihoe,  and  one  of  his  toes  fplit  almoft  to  the  bone  ; but 
the  buckle,  which  was  a broad  filver  one,  was  not  the  leaf!  hurt 
or  even  marked,  and  remained  buckled  as  before.  His  fleeve* 
button  of  gold,  in  which  was  platted  hair  covered  with  cryftal, 
was  broken  from  its  link,  and  neither  hair  or  cryftal  have  been 
found  fince.  A key  and  a pen-knife  in  his.  right-fide  breeches 
pocket  have  feveral  marks  of  fufion  upon  them. 

The  frame  of  the  window  on  which  Mr.  adaiR  was  lean- 
ing was  little  damaged  ; but  every  pane  of  glafs  fo  completely 
fmalhed,  you  could  fcarce  perceive  it  had  ever  had  glafs  in  it.  The 
room  was  ftuccoed  and  papered,  and  between  the  windows  hung  a 
large  pier  glafs,  which,  with  much  of  the  ftucco,  was  fhivered  to 
pieces,  and  ftrewed  over  the  floor.  A door  oppofite  the  window 
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was  fhattered  to  pieces,  and  the  pofts  of  a bed  in  a room  behind 
it,  and  all  the  bell-wires  were  deftroyed. 

Under  the  dining-room  Mr.  adair  was  in,  on  the  parlour 
floor,  were  his  coachman,  butler,  and  footman.  The  coach- 
man was  going  to  opni  a glafs-door  to  go  towards  the  fea,  and 
was  ftruck  dead.  His  body  was  totally  black.  His  cloaths, 
and  the  caul  of  his  wig,  ancj  cravat,  were  much  torn ; but  no 
particular  flelh  wound  was  found.  The  enamelled  face  of  his 
lilver  watch  was  broken  to  pieces,  and  the  links  of  his  fteel 
chain  fattened  together. 

The  footman  was  drcfling  his  hair  near  a window,  when  he 
was  thrown  dead  on  the  ground.  He  appeared  much  fcorched, 
bruifed,  and  black.  He -had  a very  large  wound  in  his  lide 
which  penetrated  near  his  heart ; but  very  little,  if  any,  blood 
came  from  it.  His  buck-lkin  breeches  were  much  torn,  and  the 
fteel  of  a metal  knee-buckle  driven  through  them.  The  window 
fafh  was  driven  into  the  room,  and  a ftone,  about  eight  inches 
iquare,  forced  out  of  the  wall  into  the  middle  of  the  room, 
not  far  from  the  body.  The  butler  was  a yard  or  two  behind 
the  coachman,  and  going  out  with  a telelcope  in  his  hand, 
which  was  forced  in  pieces  from  him,  his  hat  and  wig  were 
^ thrown  to  fome  diftance,  and  he  perceived  a violent  preffure  on 
his  Ikullandonhisback,  but  was  no  otherwiie  hurt.  He  had  a 
lilver  watch  with  a lilver  chain,  which  received  no  damage. 

In  the  room  over  Mr.  adair’s,’  a young  lady  was  drefling, 
and  her  maid  attending.  They  were  both  driven  to  a diftant 
part  of  the  room,  and  rendered  infenttble  for  fome  time,  but 
not  hurt.  The  pofts  of  the  bed  ftie  had  juft  loft  were  all  Ihivered 
to  pieces,  and  the  bell  wires  deftroyed,  and  the  chimney  thrown 

down  on  the  roof. 
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It  is  to  be  remarked,  that  though  the  bodies  of  the  two  fer- 
vants  lay  unburied  from  the  Sunday  till  Tuefday,  all  their 
limbs  were  as  entirely  flexible  as  thofe  of  a living  perfon. 

Multitudes  on  the  fhore  before  the  houfe  faw  the  meteor  dart 
in  a right  line  over  their  heads,  and  break  againft  the  front  of 
the  houfe  in  different  directions,  and  all  agreed  the  form  and 
flame  was  exaftly  like  that  of  an  immenfe  Iky-rocket. 


[ 46  ] 


IV.  An  Account  of  the  Harmattan,  a fingular  African  Wind. 
By  Matthew  Dobfon,  M.  D.  F . R.  S. ; communicated  by  John 
Fothergill,  M.  D.  F.  R.  S. 


Read  December  7,  1780. 

THE  Harmattan  is  a periodical  wind  which  blows  from 
the  interior  parts  of  Africa  towards  the  Atlantic  Ocean, 
and  poffefles  fuch  extraordinary  properties,  as  to  merit  the  at- 
tention of  the  naturalift,  making  a curious  and  important  article 
in  the  hiftory  and  theory  of  the  winds. 

The  firft  information  I had  on  this  fubjcift  was  from  my 
friend  Mr.  norris,  who  has  frequently  vifited  the  Coaft  of 
Africa,  and  i$  a gentleman  of  an  excellent  underftanding  and 
ftrift  veracity.  This  information  immediately  excited  my  at- 
tention ; and  as  Mr.  norris  was  preparing  to  make  another 
voyage  to  that  part  of  the  world,  I delired  him  to  confirm  the 
fails  which  he  had  related,  by  further  inquiries,  experiments, 
and  obfervations  ; and  it  is  from  thefe  materials,  with  which  I 
have  been  obligingly  furnilhed  by  Mr.  norris,  that  the  follow- 
ing account  is  drawn  up. 

On  that  part  of  the  Coaft  of  Africa  which  lies  between  Cape 
Verd  and  Cape  Lopez,  an  eafterly  wind  prevails  during  the 
months  of  December,  January,  and  February,  which  by  the 
Fantees,  a nation  on  the  Gold  Coaft,  is  called  the  Harmattan. 
Cape  Verd  is  in  150  N.  latitude,  and  Cape  Lopez  in  i°  S.  lati- 
tude, and  the  coaft  between  thefe  two  Capes  runs,  in  an  oblique 
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dire&ion,  nearly  ftom  W.S.W.  to  E.S.E.  forming  a range  of 
upwards  of  two  thoufand  one  hundred  miles.  At  the  files  de 
Los,  which  are  a little  to  the  northward  of  Sierra  Leone,  and 
to  the  Southward  of  Cape  Verd,  it  blows  from  the  E.S.E.  on 
the  GoldCoaft  from  the  N.E.  and  at  Cape  Lopez  and  the  River 
Gabon  from  the  N.N.E.  This  wind  is,  by  the  French  and  Portu- 
gueze  who  frequent  the  Gold  Coaft,  called  limply  the  N.E* 
wind,  the  quarter  from  which  it  blows.  The  Englifh,  who 
fometimes  borrow  words  and  phrafes  from  the  Fantee  language* 
which  is  lefs  guttural  and  more  harmonious  than  that  of  their 
neighbours,  adopt  the  Fantee  word  Harmattan. 

The  Harmattan  comes  on  indifcriminately  at  any  hour  of  the 
day,  at  any  time  of  the  tide,  or  at  any  period  of  the  Moon, 
and  continues  fometimes  only  a day  or  two,  fometimes  five  or 
fix  days,  and  it  has  been  kno\yn  to  laft  fifteen  or  fixteen  days* 
There  are  generally  three  or  four  returns  of  it  every  feafon.  It 
blows  with  a moderate  force,  not  quite  fo  ftrong  as  the  fea 
breeze  (which  every  day  fets  in  during  the  fair  feafon  from  the 
W.  W.S.W.  and  3.W.)  ; but  fomewhat  ftronger  than  the  land 
wind  at  night  from  the  N.  and  N.N.W. 

1.  A fog  or  haze  is  one  of  the  peculiarities  which  always  ac- 
companies the  Harmattan.  The  gloom  occafioned  by  this  fog 
is  fo  great,  as  fometimes  to  make  even  near  objects  obfcure* 
The  Englifh  fort  at  Whydah  ftands  about  the  midway  between 
the  French  and  Portuguefe  forts,  and  not  quite  a quarter  of  a 
mile  from  either,  yet  very  often  from  thence  neither  of  the 
other  forts  can  be  difcovered*  The  fun,  concealed  thegreatefh 
part  of  the  day,  appears  only  about  a few  hours  about  noon,  and 
then  of  a mild  red,  exciting  no  painful  fenfation  on  the  eye. 

As  the  particles  which  conftitute  the  fog  are  depofited  on  the 
grafs,  the  leaves  of  trees,  and  even  on  the  ikin  of  the  negroes,, 
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fo  as  to  make  them  appear  whitifh,  I recommended  to  Mr. 
norris  the  ufe  of  a good  microfcope,  as  this  might  pofiibly 
difcover  fomething  concerning  the  nature  of  thefe  particles. 
44  I was  prevented,”  fays  Mr.  norris,  46  by  the  bad  ftate  of 
44  my  health  from  availing  myfelf  of  the  microfcope ; neither 
44  could  I difcover  any  thing  by  the  tafte,  or  by  expofing  plates 
44  covered  thinly  with  melafles,  for  when  I had  dropped  an  acid 
44  or  alkali  into  the  water  in  which  I had  diflolved  the  melafles, 
44  nothing  followed  to  enable  me  to  judge  of  the  nature 
44  of  the  particles.  Surely  they  cannot  be  infe&s,  or  ani- 
44  malcuhe  of  infects  ? for  we  have  no  appearance  of  any 
44  thing  produced  from  the  myriads  of  them  which  are  depofited 
4^  on  the  earth.  They  do  not  flow  far  over  the  furface  of  the 
44  fea : at  two  or  three  miles  diftance  from  the  fhore  the  fog  is 
44  not  fo  thick  as  on  the  beach  ; and  at  four  or  five  leagues  dif- 
46  tance  it  is  intire ly  loft,  though  the  Harmattan  itlclf  is  plainly 
44  felt  for  ten  or  twelve  leagues,  and  blows  frefh  enough  to  alter 
44  thecourfeof  the  current.” 

2.  Extreme  drynefs  makes  another  extraordinary  property  of 
this  wind.  No  dew  falls  during  the  continuance  of  the  har- 
mattan ; nor  is  there  the  leaft  appearance  of  moifture  in  the 
atmofphere.  Vegetables  of  every  kind  are  very  much  injured  ; 
all  tender  plants,  and  moft  of  the  productions  of  the  garden,  are 
deftroyed ; the  grafs  withers,  and  becomes  dry  like  hay ; the 
vigorous  ever-greens  likewife  feel  its  pernicious  influence ; the 
branches  of  the  lemon,  orange,  and  lime  trees  droop,  the 
leaves  become  flaccid,  wither,  and,  if  the  harmattan  continues 
to  blow  for  ten  or  twelve  days,  are  fo  parched  as  to  be  eafily 
rubbed  to  duft  between  the  fingers  : the  fruit  of  thefe  trees, 
deprived  of  its  nouriihment,  and  ftinted  in  its  growth,  only 
appears  to  ripen,  for  it  becomes  yellow  and  dry,  without 
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acquiring  half  the  ufual  fize.  The  natives  take  this  oppor- 
tunity of  the  extreme  drynefs  of  the  grafs  and  young  trees  to 
fet  fire  to  them,  efpecially  near  their  roads,  not  only  to  keep 
thofe  roads  open  to  travellers,  but  to  deftroy  the  fhel ter  which 
long  grafs,  and  thickets  of  young  trees,  would  afford  to  (hulk- 
ing parties  of  their  enemies,  A fire  thus  lighted  flies with  fuch 
rapidity  as  to  endanger  thofe  who  travel : in  that  fituation  a 
common  method  of  efcapeis,  on  difcovering  a fire  to  windward, 
to  fet  the  grafs  on  fire  to  leeward,  and  then  follow  your  own  fire. 
There  are  other  extraordinary  effects  produced  by  the  extreme 
drynefs  of  the  Harmattan.  The  covers  of  books,  Mr.  nor r is 
informs  me,  even  clofely  (hut  up  in  a trunk,  and  lying  among 
his  cloaths,  were  bent  as  if  they  had  been  expofed  to  the  fire. 
Houlhold  furniture  is  alfo  much  damaged  : the  pannels  of  doors 
and  of  wainfcot  fplit,  and  any  veneered  work  flies  to  pieces. 
The  joints  of  a well-laid  floor  of  feafoned  wood  open  fuffi- 
ciently  to  lay  one’s  finger  in  them  ; but  become  as  clofe  as  be- 
fore on  the  ceafing  of  the  Harmattan.  The  feams  alfo  in  the 
(ides  and  decks  of  (hips  are  much  injured  and  become  very 
leaky,  though  the  planks  are  two  or  three  inches  in  thicknefs. 
Iron-bound  calks  require  the  hoops  to  be  frequently  driven 
tighter ; and  a calk  of  rum  or  brandy,  with  wooden  hoops, 
can  fcarcely  be  preferved ; for,  unlefs  a perfon  attends  to  keep 
it  moiftened,  the  hoops  fly  off* 

The  parching  effe&s  of  this  wind  are  likewife  evident  on  the 
external  parts  of  the  body.  The  eyes,  noftrils,  lips,  and  pa- 
late, are  rendered  dry  and  uneafy,  and  drink  is  often  required, 
not  fo  much  to  quench  third,  as  to  remove  a painful  aridity  in 
the  fauces . The  lips  and  nofe  become  fore,  and  even  chapped ; 
and  though  the  air  be  cool,  yet  there  is  a troublefome  fenlation 
of  prickling  heat  on  the  (kin.  If  the  Harmattan  continues 
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four  or  five  days,  the  fcarf  (kin  peels  off,  firft  from  the  hands 
and  face,  and  afterwards  from  the  other  parts  of  the  body,  if  it 
continues  a day  or  two  longer.  Mr.  norris  obferved,  that 
when  fweat  was  excited  by  exercife  on  thofe  parts  which  were 
covered  by  his  cloaths  from  the  weather,  it  was  peculiarly 
acrid,  and  tafted,  on  applying  his  tongue  to  his  arm,  fome- 
thing  like  fpirit  of  hart’s-horn  diluted  with  water. 

As  the  {fate  of  fait  of  tartar  placed  in  the  open  air,  and  the 
quantity  evaporated  from  a given  furface  of  water,  are  obvious 
proofs  of  the  comparative  moifture  or  drynefs  of  the  atmofphere, 
I defired  Mr.  norris  to  put  the  Harmattan  to  each  of  thefe 
tefls  ; and  particularly  to  moilten  fait  of  tartar^  Jeliquium , and 
expofe  it  to  the  night  air  during  the  time  that  the  Harmattan 
was  blowing.  The  following  is  the  account  of  the  refult  of 
thefe  experiments.  Salt  of  tartar  will  not  only  remain  dry 
during  the  night  as  well  as  in  the  day  ; but,  when  liquified  fo  as 
to  run  upon  a tile,  and  expofedtothe  Harmattan,  becomes  per- 
fectly dry  in  two  or  three  hours  ; and,  expofed  in  like  maimer 
to  the  night  air,  will  be  dry  before  morning. 

With  refpeCt  to  evaporation  Mr.  norris  fays,  “ I fixed  the 
u tin  veffel,  with  which  you  favoured  me,  on  a grafs  plat 
u behind  my  houfe,  upon  a {land  four  feet  high,  and  expofed 
“ by  its  fituation  mo{f  part  of  the  day  to  the  fun,  but  fhel- 
“ tered  in  fome  meafure  from  the  wind  by  the  houfe.” 
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44  The  thermometer  hung  in  a large  warehoufe  near  a win- 
44  dow  on  which  the  fun  never  came  at  that  feafon  of  the  year, 
44  as  it  had  a north  afpedt,  and  where  little  reflected  heat  came, 
44  a grafs  plat  being  before  it*  When  removed  into  the  next 
44  room,  which  had  three  windows  and  a door  opening  into  the 
44  parade,  the  thermometer  ufuallv  rofe  40  higher  than  it  did  in 
44  the  warehoufe  ; its  general  height  in  the  room,  from  one  to 
44  three  o’clock,  was  84°. 

44  On  the  1 4th  of  December,  when  there  was  no  Harmattan, 
44  the  thermometer  at  noon,  on  putting  it  into  the  evaporating 
44  veffel,  rofe  to  88° ; on  taking  it  out,  it  funk  to  79°,  whilft  the 
44  moifture  on  its  furface  was  evaporating;  but  on  expofing  it 
44  five  minutes  to  the  fun  it  rofe  to  102°.  On  the  fifteenth  of 
44  December  the  thermometer,  expofed  to  the  wind  in  my 
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“ room  window,  but  not  to  the  fun,  flood  at  noon  at  84* ; at 
“ 88°  in  the  evaporating  veffel ; funk  to  8o°  as  the  water  eva- 
“ porated  from  its  furface ; rofe  in  the  fun  in  fix  miuutes  t<j 
“ 104°;  and,  on  putting  it  into  the  water-jar  in  "my  room, 
“ funk  to  76°. ” 

It  appears  from  the  preceding  experiments  made  by  Mr. 
Norris,  that,  if  the  evaporation  of  the  whole  year  be  fuppoled 
to  go  on  in  the  fame  proportion  with  what  occurred  during  a 
fliort  and  very  moderate  return  of  the  Harmattan,  the  annual 
Harmattan  evaporation  would  be  133  inches  ; and  if  the  calcu- 
lation was  made  in  proportion  to  the  evaporation  which  occurs 
during  a longer  vifit  from  the  Harmattan,  and  a more  forcible 
breeze,  the  annual  Harmattan  evaporation  wouidbc  much  more 
confiderable.  If  the  annual  evaporation  be  in  like  manner  calcu- 
lated, in  proportion  to  the  evaporation  which  took  place  fubfe- 
quent  to  and  preceding  the  Harmattan,  the  annualevaporation 
at  Whydah  on  the  Gold  Coaft  would  be  64  inches,  and  I have 
found  the  annual  evaporation  at  Liverpool  to  be  36  inches*. 
Thefe  three  therefore  are  in  the  following  proportion  ; Har- 
mattan 133  inches,  Whydah  64  inches,  and  Liverpool  36 
inches. 

As  the  names  of  things  are  often  derived  from  fome  remarka- 
ble property  in  the  thing  denoted,  I defired  Mr.  norris  to  in- 
quire into  the  derivation  of  the  word  Harmattan.  He  found  it 
to  be  a corruption  of  Aker  ram  ant  ah,  the  name  of  that  feafon 
in  which  this  wind  blows.  Aherramantah  is  compounded  of 
Aherraman , which  in  the  Fantee  language  fignifies  to  blow, 
and  tab,  tallow  or  greafe,  with  which  the  natives  rub  their 
Ikins  to  prevent  their  growing  dry  and  rough. 

* Philofophical  Tranfa&ions,  vol.  LX VII,  p,  252. 
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The  Harmattan  feafon  is  in  the  Dunco  language  called  Pep- 
peh , fignifving  a dry  and  rough  ikin. 

3.  Salubrity  forms  a third  peculiarity  of  the  Harmattan. 
Though  this  wind  is  fo  very  prejudicial  to  vegetable  life,  and 
occafions  fuch  difagreeable  parching  effe&s  on  the  human  fpe- 
eies,  yet  it  is  highly  conducive  to  health.  Thofe  labouring 
under  fluxes  and  intermitting  fevers  generally  recover  in  an 
Harmattan.  Thofe  weakened  by  fevers,  and  finking  under 
evacuations  for  the  cure  of  them,  particularly  bleeding,  which 
is  often  injudicioufly  repeated,  have  their  lives  faved,  and  vigour 
reftored,  in  fpite  of  the  doflor.  It  flops  the  progrefs  of  epide- 
mics : the  fmall- pox,  remittent  fevers,  &c.  not  only  difappear, 
but  thofe  labouring  under  thefe  difeafes  when  an  Harmattan 
comes  on,  are  almoft  certain  of  a fpeedy  recovery.  Infedtioi* 
appears  not  then  to  be  eafily  communicated  even  by  art.  In  the 
year  1770  there  were  on  board  the  Unity,  at  Whydah,  above 
300  Haves  ; the  fmall-pox  broke  out  among  them,  and  it  was 
determined  to  inoculate  ; thofe  who  were  inoculated  before  the 
Harmattan  came  on  got  very  well  through  the  difeafe.  About 
feventy  were  inoculated  a day  or  two  after  the  Harmattan  fet  in  ; 
but  not  one  of  them  had  either  ficknefs  or  eruption.  It  wras 
imagined,  that  the  infedlion  was  effe&ually  difperfed,  and  the 
fifip  clear  of  the  diforder ; but  in  a very  few  weeks  it  began  to 
appear  among  thofe  feventy.  About  fifty  of  them  were  inocu- 
lated the  fecond  time  ; the  others  had  the  difeafe  in  the  natural 
way : an  Harmattan  came  on,  and  they  all  recovered,  except 
one  girl,  who  had  an  ugly  ulcer  on  the  inoculated  part,  and 
died  fome  time  afterwards  of  a locked  jaw.  The  great  falubrity,. 
and  the  power  of  checking  epidemics,  are  fuch  extraordinary 
properties  of  the  Harmattan,  that  I defired  Mr.  norris,  on  his 
next  voyage  to  the  Coaft,  to  afcertain  thefe  points  by  further 
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inquiries.  44  I have  not  much  new,”  fays  Mr.  norris,  “ on 
44  thefe  points,  fave  the  general  teftimony  of  the  natives  in  con-' 
44  firmatiori  of  what  I have  already  communicated  ; and  that  I 
44  had  been  very  ill  myfelf  for  nine  days  with  a Yemittcnt  fever 
44  this  voyage,  of  which  I recovered  immediately  upon  the  Har- 
44  mattan  beginning  to  blow ; whether  from  the  medicines 
44  which  I had  taken,  or  from  the  alteration  in  the  ftate  of  the 
44  atmofphere,  I pretend  not  to  determine'.  I now  learned,  fof 
44  the  firft  time,  that  the  Harmattan  is ’noted  for  contributing 
44  much  to  the  cure  of  ulcers,  as  well  as  cutaneous  eruptions. 
Mr.  norris  is  forrv  to  be  obliged1  to  dideiit  from  fo  reipcftable 
2m  authority  as  that  of  Dr.  lind,  who  fpeaks  of  the  Harmattnri 
as  44  fatal  and  malignant ; that  its  noxious  vapours  are  deftruc- 
*4  tive  to  Blacks  as  well  as  Whites ; and  that  the  mortality 
u which  it  occasions  is  in  proportion  to  the  denfity  and  duration 
44  of  the  fog.”  The  baneful  effedts  here  pointed  out  proceed 
from  the  periodical  rains  which  fill  in  March,  April,  &c.  and 
which  are  ufhered  in  by  the  Tornadoes,  or  ftrong  gufts  of  wind 
from  the  N.E.  and  E N.E.  accompanied  with  violent  thunder 
and  lightning,  and  very  heavy  fhowers.'  The  earth  drenched 
by  thefe  fhowers,  and  adted  upon  with  an  intenfe  lblar  heat  as 
foon  as  the  ftorm  is  over,  fends  forth  fuch  noifome  vapours  as 
ftrike  the  noftrils  with  a rrl'oft  offenfive  flench,  and  occafion 
bilious  vomitings,  fluxes,  and  putrid  fevers.  Belides  thefe  va- 
pours, which  are  annual,  there  appears  to  be  a collection  of 
ilill  more  peftiferous  matter,  confined  for  a longer  time,  and 
ifluing  from  the  earth  after  an  interval  of  five,  fix,  or  leven 
years.  44  The  periods,”  fays  Mr.  norris,  44  which  I remem- 
44  her  to  have  been  thus  marked,  were  in  1756,  when  Governor 
46  mslvill  and  rnoft  of  the  gentlemen  and  foldiers  at  Cape 
54  4 Coaft,  died;  in  1763,  1769,  and  1775.  The  mortality 
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« in  fome  of  thefe  years,  for  they  were  not  all  equally  fatal, 
“ was  fo  great  that,  as  Dr.  lxnd  fays,  the  living  were  fcarce 
“ fufficient  to  remove  and  bury  the  dead.” 

It  is  to  be  obferved,  that  there  may  be  inftances  in  which  the 
Harmattan  comes  loaded  with  the  effluvia  of  a putrid  marfli ; 
and  if  there  are  any  fuch  fituations,  the  nature  of  the  wind 
may  be  fo  changed  as  to  become  even  noxious. 

Another  inquiry  which  I defired  Mr.  norris  to  make  re- 
fpeCted  the  fource  of  the  Harmattan,  and  the  nature  of  the  foil 
over  which  it  blows.  It  appears  that,  except  a few  rivers  and 
fome  lakes,  the  country  about  and  beyond  Whydah  is  covered  for 
four  hundred  miles  back  with  verdure,  open  plains  of  grafs, 
clumps  of  trees,  and  fome  woods  of  no  confiderable  extent. 
The  furface  is  fandy,  and  below  that  a rich  reddifh  earth  ; it 
rifes  with  a gentle  afcent  for  one  hundred  and  fifty  miles  from 
the  fea  before  there  is  the  appearance  of  an  hill,  without 
affording  a ftone  of  the  fize  of  a walnut.  Beyond  thefe  hills 
there  is  no  account  of  any  great  ranges  of  mountains. 

With  refpeCl  to  the  origin  of  this  wind,  Mr.  norris  fays, 
44  the  Harmattan,  according  to  Dr.  lind,  arifes  from  the  con- 
44  flux  of  feveral  rivers  about  Benin ; but  when  I was  on  a 
66  vifit  to  the  King  of  Dahomey,  one  hundred  and  twenty 
44  miles  North,  or  inland  from  the  Fort  at  Whydah,  I there 
44  felt  the  Harmattan  blowing  from  the  N.E.  ft r on ger  than  I 
44  have  at  any  other  time,  though  Benin  then  bore  from  me 
44  S.E.” 

On  this  head  Mr,  norris  makes  the  following  conjecture : 
44  The  interfeftron  of  three  lines,  viz.  an  eaft  line  drawn  from 
44  Cape  Verd,  a north-eaft  one  from  the  centre  of  the  Gold 
44  Coaft,  and  a north  line  from  Cape  Lopez,  would,  1 think,. 
44  point  out  a probable  fource  of  this  extraordinary  wind.” 

Three 
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Three  lines,  drawn  according  to  the  diredtion  of  Mr.  NORRIS, 
towards  the  points  of  the  compafs  from  which  the  Harmattan 
blows  on  Cape  Verd,  the  Gold  Coaft,  and  Cape  Lope?,  con- 
verge I find  to  a part  of  Africa  about  the  15th  degree  of  N. 
latitude,  and  the  25th  degree  of  E.  longitude,  which  I alfo 
find  to  be  that  part  of  Africa  where,  according  to  ptolemy, 
the  mountains  of  Caphas  are  fituated.  From  thefe  mountains, 
according  to  the  fame  authority,  the  river  Daradus  arofe,  fup- 
pofed  by  fome  to  be  now  the  river  Senegal. 

It  may  be  conje&ured,  that  the  difagrecable  Levant  wind  of 
the  Mediterrannean  proceeds  from  the  lame  part  of  the  Conti- 
nent of  Africa ; for  it  prevails  during  the  fame  feafon  of  the 
year,  and  may  derive  its  qualities  from  the  furface  over  which 
it  pafles. 

The  laft  article  of  information  with  which  I have  been 
favoured  by  Mr.  norris,  is  an  account  of  the  manner  in  which 
the  Fantee  nation  divide  their  year. 

Aherramantah,  from  the  ift  of  December  to  the  middle  of 
February,  about  10  weeks. 

Quakorah,  a wind  up  the  coaft,  from  S.S.W.  to  S.S.E.  from 
the  middle  of  February  to  the  firft  week  in  March,  about  3 
weeks. 

Pempina,  or  Tornado  feafon,  part  of  March,  all  April,  and 
the  greateftpart  of  May,  about  12  weeks. 

Abrenama,  or  the  old  man’s  and  woman’s  children,  that  ist 
the  Pleiades,  the  rainy  feafon,  the  latter  end  of  May,  all  June, 
and  to  about  the  20th  of  July,  8 weeks. 

Atukogan,  or  five  ftars,  that  is,  Orion,  high  wind  and 
fqually,  the  rains  very  heavy,  to  the  middle  of  Auguft,  3 
weeks. 

Worrobakorow, 
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Worrobakorou,  or  one  ftar,  the  ceafing  of  the  rains,  about 
3 weeks. 

Mawurrah,  the  name  of  a certain  ftar ; clofe,  foggy  wea- 
ther and  no  breeze,  the  firfi:  three  weeks  in  September. 

Boutch,  no  land  breeze  in  this  feafon,  the  wind  blows  frefh 
down  the  Coaft,  about  fix  weeks. 

Autiophi,  or  the  Croziers ; Tornadoes  and  foutherly  wind, 
with  fome  rain,  generally  called  the  latter  rains,  about  four 
weeks,  to  the  beginning  of  December,  when  the  Aherraman- 
tah  feafon  again  commences. 
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V.  EJfay  on  a new  Method  of  applying  the  Screw.  By  Mr*. 
William  Hunter,  Surgeon ; communicated  by  Lieutenant  Gc~ 
neral  Melville,  F.  R.  S. 


Read  December  2 1 , 1780. 

I HAVE  fome  time  ago  been  led  to  think,  that  the  fcrew*. 

which  of  all  the  mechanical  powers  is  the  mod  commonly 
employed  in  performing  motions  which  require  great  accuracy, 
might  be  applied  in  a manner  which  would  better  anfwer  many 
intentions  than  that  commonly  uied.  The  plan  is  fomewhat 
fimilar  to  nonius’s  divifion  of  the  circle ; but  before  I explain 
myfelf  farther  it  may  be  proper  to  lay  down  a few  general 
rules  on  which  we  may  found  a comparifon. 

The  perfection  of  any  machine  confifts  in  accomplifhing  the 
end  propofed  in  a manner  the  mod  effectual,  the  mod:  expedi- 
tious, and  the  leaft  cumberfome  poflible.  In  order  to  attain 
this  end  the  following  things  are  required. 

1.  That  the  ftrength  of  the  feveral  parts  of  the  engine  be  fo 
adjufted  to  the  force  they  are  intended  to  exert,  as  that  they 
fhall  not  break  under  the  weight  they  ought  to  counteract,  nor 
yet  encumber  the  motion  by  a greater  quantity  of  matter  than 
is  neceffary  to  give  them  a proper  degree  of  flrength. 

2.  That  the  increafe  of  power,  by  means  of  the  machine, 
be  fo  regulated,  that  while  the  force  we  can  exert  is  thereby 
rendered  adequate  to  the  effeCt,  it  may  not  be  retarded  in  pro- 
curing it  more  than  is  abfolutely  neceffary. 
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3.  That  the  machine  be  as  Ample  as  is  confident  with  other 
conditions. 

4.  That  it  he  as  portable  and  as  little  trotxblefome  in  the  ap- 
plication as  poffible. 

5.  That  the  contrivance  be  fuch  that  the  moving  power 
may  be  applied  in  luch  a way  as  to  a£l  to  the  greateft 
advantage  ; and  that  the  motion  ultimately  produced  may  have 
that  dire<9:ion  and  velocity  which  is  moft  adapted  to  the  execu* 
tion  of  the  defign  propofed  by  the  whole. 

6.  Of  two  machines,  equal  in  other  refpe&s,  that  deferves 
the  preference  in  which  the  friftion  lead:  diminifhes  the  effect 
propofed  by  the  whole. 

It  will  eafily  appear,  that  fome  of  thefe  conditions,  if  car- 
ried to  an  extreme,  will  be  inconfiftent  with  fome  of  the  others* 
Here  the  proper  medium  confifts  in  adapting  them  to  each  other 
in  fuch  a manner,  as  that  the  refult  of  the  advantages  of  both 
may  be  the  greateft,  and  that  of  the  defers  the  leaft,  that  is 
poffible. 

The  following  method  of  applying  the  fcrew,  I think,  may 
in  certain  cafes,  be  attended  with  fome  of  thefe  advantages  to  a 
greater  degree  than  by  tliofe  commonly  practifed. 

Let  ab  (fig.  1.)  be  a plate  of  metal  in  which  the  fcrew 
€D  plays,  having  a number  of  threads  in  an  inch  equal  to  a . 
Within  the  fcrew  cd  there  is  a female  fcrew,  by  which  is  re* 
ceived  the  fmaller  fcrew  de  of  a -f  1 threads  in  an  inch.  This 
fcrew  is  retained  from  moving  round  along  with  the  fcrew  CD 
by  means  of  the  apparatus  at  Afgb. 

Now,  if  the  handle  ckl  be  turned  a times  round  the  fcrew, 
cd  will  advance  upwards  an  inch,  and  if  we.fuppofe  the  fcrew 
de  to  move  round  along  with  cd,  the  point  e will  alfo  advance 
an  inch.  If  we  now  turn  the  fcrew  de  a times  backwards,  the 
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point  E will  move  downwards  of  an  inch,  and  the  refult 
of  both  motions  will  be  to  lift  the  point  e upward  ( i - zr  ) 

— 1~  of  an  inch.  But  if,  while  the  fcrew  CD  is  turned  a times 

round,  de  be  kept  from  moving,  the  effect  will  be  the  fame  as 
if  it  had  moved  a times  round  with  cd  and  been  a times  turned 

back,  that  is,  it  will  advance  —7—  of  an  inch.  At  one  turn 
therefore  of  the  handle  ckl  it  will  move  upwards  x - = ) 

of  an  inch.  If  then  we  luppofe  the  handle  ckl  to  be 
a +a  11 

h inches  long,  the  power  gained  by  the  machine  will  be  as 
a +-a  x 6,2832  b to  unity. 

To  illuftrate  this  by  a particular  example,  let  the  fcrew  cd 
have  10  threads  in  an  inch,  and  de  1 1 : then,  while  the  handle 
ckl  is  turned  10  times  round,  the  point  d will  rife  one  inch 
above  its  former  fituat ion.  But  at  10  turns  it  can  only  pafsover 
10  threads  of  the  fcrew  de,  and  confequently  it  will  advance 
upon  that  fcrew  of  an  inch.  The  point  e therefore  muft 

rife  -f-rth  of  an  inch,  that  the  point  d may  have  room  to  rife  a 
complete  inch  above  its  former  place  : therefore,  at  one  turn  of 
the  handle,  the  point  e will  rife  -j-To-th  of  an  inch  ; and  if  the 
handle  be  fuppoled  half  a foot  long,  the  power,  to  produce  an 
equilibrium,  muft  be  to  the  weight  as  1 to  1 10  x 6,2832  x 6 = 
4146,912,  which  is  the  very  number  exprefled  by  the  general 
theorem,  viz.  a 4- a x 6,2832  b , calling  a—\o  and  b — 6. 

Now  let  us  compare,  according  to  the  rules  before  laid  down, 
this  method  of  unng  the  fcrew  with  the  common  one.  And, 
fir  ft,  in  order  to  have  the  fame  power  by  means  of  the  common 
fcrew  that  is  exerted  by  this  machine,  it  muft  have  a number  of 
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threads  in  an  inch  equal  to  or  + a , which  would  render  it  too 
weak  to  refill  any  confiderable  violence.  For  example,  if  dc 
have  five  threads  in  an  inch,  and  de  fix,  and  if  the  handle  ckl 
is  a foot  in  length,  the  power  gained  by  the  engine  will  be 
nearly  as  (a1  -f  a x 6 b — ) 2 1 60  to  1 ; whereas,  to  have  the  fame 
force  by  means  of  the  common  fcrew,  it  muft  have  30  threads 
in  an  inch,  and  fo  muft  yield  under  a refiftance  which  the 
other  fcrew  would  overcome  without  any  difficulty.  Upon  this 
principle,  the  fcrew  may  be  applied  with  advantage  in  preiles  of 
different  kinds,  by  fixing  one  of  the  plates  of  the  prefs  to  the 
end  of  the  fcrew  at  e. 

As  to  the  fecond  requifite,  both  methods  may  be  equally 
adapted  to  it ; yet  other  circumftances  wall  determine  us  to  apply 
the  common  fcrew  where  a final  1 increafe  of  power  is  necefiary, 
and  the  prefent  contrivance,  when  we  Hand  in  need  oft  a greater. 

This  will  follow  from  the  third  rule,  as  in  the  method  now 
propofed  a double  number  of  fcrews  is  required,  which  makes 
the  ftrudture  more  complicated,  occafions  more  expence,  and 
requires  a greater  accuracy  of  conftruftion,  fince,  unlefs  this  is 
attended  to,  the  machine  will  not  move. 

However,  the  machine  may,  in  fome  cafes,  anfwer  the 
fourth  intention  better  than  the  common  one,  as  the  power 
gained  by  the  additional  fcrew  enables  us  to  ftiortep  the  handle 
which  will  tend  to  make  the  whole  more  portable. 

The  power  is  here  applied  in  the  fame  direction  as  in  the 
common  fcrew,  fo  that  both  equally  anfwer  the  fir  ft  .part  of  the 
fifth  rule  ; but  as  to  the  laft,  the  motion  ultimately  produced,  it 
will  depend  on  particular,  circumftances  which  of  them  is  moft 
fit  for  ufe  in  any  cafe.  Thus,  if  the  fcrew  de  be  intended  to 
carry  an  index  which  muft  turn  round  at  the  fame  time  that  it 
rifes  upwards,  the  common  fcrew  is  preferable  ; for  although  I 

can 
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can  fee  a method  by  which  the  machine  before  defcribed  may 
be  made  to  anfwer  this  purpofe,  I am  almoft  afraid  to  propofe 
it.  I mean,  that  within  the  fcrew  de  another  ftill  fmailer 
fliould  be  made  to  play,  and  be  connedted  with  the  fcrew  cd,  lb 
as  to  move  round  along  with  it.  It  muft  have  a~  + a -f  i threads 
in  an  inch,  and  they  muft  be  in  tire  contrary  direction  to  thofe 
of  cd,  fo  that  when  they  are  both  turned  together,  and  cd 
moves  upwards,  this  other  one  may  move  downwards.  At  one 

turn  of  the  handle  this  will  move  upwards  x — — - 

rr  — — - of  an  inch,  and  at  the  fame  time  will  move 

round  in  a circular  diredtion.  For  example,  let  cd  have  5 
threads  ( = a)  in  an  inch,  de  6 ( = #1),  and  a third  fcrew  within 
de,  but  connedted  with  cd  fo  as  to  partake  of  its  motion,  ji 
( = a + 1).  At  one  turn  of  the  handle,  this  fcrew  will  rife 
upwards  4 x 4 x tt  - Tb  °f  an  inch  ; but  this  appears  too 
complicated  for  ufe,  and  the  lcaft  inaccuracy  in  the  conftruc- 
tion  would  hinder  it  from  moving. 

But,  on  the  other  hand,  if  while  the  point  e rifes  it  is  of 
confequence  that  it  be  kept  from  going  round,  the  machine 
under  confi deration  will  beft  anfwer  thi  purpofe*  On  this 
principle  it  may  be  ufeful  in  leveral  refpedts : fot  inftance,  let 
A (fig.  2.)  reprefen t a magnifying  lens,  and  let  be  moveable 
upon  the  fcrew  bc  of  1 6 threads  in  an  inch,  which  turns  within 
the  larger  fcrew  cd  of  15  threads  in  an  inch,  and  that  again 
moves  within  the  plate  ef  in  the  end  of  the  cylinder  gf 
To  ufe  the  inftrument,  fix  the  object  to  be  magnified  upon  the 
pin  gl,  and  then  turn  the  lens  A upon  the  fcrew  bc,  till  it  be 

* The  fcrew  ec  is  refrained  from  moving  along  with  cd  by  the  fmall  pillar  hk, 
which  flides  backwards  and  forwards  in  a groove  in  the  cylinder  gf. 

nearly 
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nearly  at  the  proper  diftance  from  the  pin,  and  oppofite  to  it. 
You  may  then  adjuft  the  diftance  more  accurately  by  turning 
the  fcrew  DC,  at  each  turn  of  which  the  lens  will  recede  from, 
or  approach  to,  the  pin  _^th  of  an  inch.  This  it  will  do 
and  not  turn  afide,  but  ftill  remain  oppofite  to  the  pin 
lg.  A double  microfcope  might  be  fitted  011  in  the  place  of  the 
lens  A.  The  whole  inftrument  may  be  furniftied  with  a handle, 
as  at  M ; or,  if  larger,  it  may  have  three  feet  to  ftand  on  a 
table. 

On  the  laft  principle  it  muft  be  owned,  the  common 
fcrew  has  the  advantage,  as  two  fcrews  will  produce 
more  friction  than  one;  and,  befides,  in  the  compound  engine 
there  is  an  additional  friftion  from  the  piece  eg  (fig.  x.)  upon, 
the  pillars  between  which  it  moves.. 

Another  cafe  in  which  this  machine  may  be  employed  is  in 
the  micrometer.  Thus,  let  the  fcrew  ab  (fig.  3 ) of  50  threads 
In  an  inch  be  turned  round  by  the  index  c,  which  moves  upon 
the  graduated  circle  ecd  in  the  dire&ion  cd.  Within  the  fcrew 
ab  is  the  fmaller  one  af  of  51  threads  in  an  inch,  retained  from . 
moving  round  by  the  bar  gfh.  The  piece  af  is  continued  to  k, 
where  it  forms  a fine  point.  • To  ufe  the  Inftrument,  let  it  be 
adjufted  to  the  telefcope  or  microfcope  by  which  you  are  to  view 
a ftar,  or  fome  fmall  objedt,  and  let  the  point  k appear  juft  to 
touch  one  edge  of  the  object.  Then  turn  the  index  c,  and  the 
point  k will  advance  upwards  till  it  appears  to  cover  the  other 
edge  of  the  objedt,  and  thus  you  can.  determine  its  fize.  The 
point  k wfill  advance  at  each  complete  turn  of  the  Index  -pT_ 
of  an  inch  ; and  if  the  circle  be  divided  into  80  equal  parts,  one 
of  which,  if  it  is  an  inch  in  diameter,  will  be  very  obfervable,, 
while  the  index  moves  over  one  of  thefe,  the  point  k will  advance 
•5ToTW o'  of  an  inch.. 
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Thus,  for  example,  fuppofc  I am  to  meafure  the  diameter  of 
a nervous  fibre  in  the  medullary  fubftance  of  the  brain,  I make 
the  point  k appear  clofe  to  one  edge,  and  turn  the  index  till  the 
fame  point  pafs  over  the  fibre,  and  appear  to  touch  the  other 
edge  : I then  look  on  the  graduated  circle  ecd,  and  perceive 
that  the  index  c has  palled  over,  fuppofe,  23,2  divifions.  Hence 

I conclude  the  diameter  of  the  fibre  to  be  23,2  y - _ = _ ' 

of  an  inch,  which  is  nearly  the  fize  as  found  by  the  accurate 
obfervations  of  Dr.  monro.  There  fhould  be  a nonius’s  fcale 
on  the  index  which  will  meafure  to  one  tenth  of  a divifion. 

As  the  index  c mull  continue  clofe  to  the  plate  ecd,  while  at 
the  fame  time  it  turns  round  the  fcrew  ab,  which  is  continually 
lfifing,  it  muft  be  made  as  in  fig.  4.  where  a , b , are  two  fmall 
pieces  which  play  in  a groove  in  the  fcrew  ab  (fig.  3.)  while  the 
groove  cd  (fig.  4.)  in  the  index  is  filled  up  by  a protuberance  of 
the  plate  ecd  (fig.  3 ) ; the  piece  below  the  groove  cd  (fig.  4.) 
being  funk  into  that  plate.  The  whole  machinery  may  be  in- 
clofed  in  a cylinder  of  brafs  reaching  from  b to  l (fig.  3.),  fo 
that  the  point  of  the  fcrew  kl  maybe  without  it,  and  the  fides 
of  the  cylinder  may  be  open  at  ecd. 

It  is  farther  to  be  obferved,that  what  has  been  faid  goes  on  the 
fuppofition  that  the  point  k,  in  the  micrometer,  is  equally  mag- 
nified with  the  objedtwe  are  to  meafure.  But,  if  this  point  be 
placed  in  the  focus  of  the  eye-glafs  of  a double  microfcope ; 
when  it  moves  it  will  pafs  over,  not  the  objedl  itfelf,  but  its 
image,  magnified  by  the  objedl-glafs.  In  this  cafe,  if  thp  objedt- 
glafs  magnify  the  diameter  1 o times,  while  the  index  pafles 
Dver  one  divifion,  the  point  k will  pafs  over  the  image  of  an 
objedt,  the  diameter  of  which  is  of  an  inch.  As  in 

this  mode  of  application  the  point  k muft  fall  between  the 

objedl 


L 


of  applying  the  Screw . 6 5 

object  and  eye-glafs,  the  ferews  may  be  contained  within  the 
fulcrum  by  which  the  micro  fcope  is  fupported. 

The  machine  (fig.  1.)  may  be  applied  as  a jack  to  raife  great 
weights  a little  way  from  the  ground,  by  fubftituting  two  crofs 
hand-fpikes  for  the  handle  Ckl  ; or  a vertical ! handle  may  bd 
employed  in  the  Following  manner.  Let  a (fig.  5.)  be  a pinion 
turned  by  the  handle  Ab,  which  We  fuppofe  a foot  in  length. 
Let  the  pinion  a have' 4 teeth,  and  move  the  wheel  cd  of  16 
teeth.  The  ferew  ef  of  4 threads  in  an  inch  is  fixed  in  this 
wheel,  and  turns  round  along  with  it.  Within  it  plays  the 
ferew  fg  of  5 threads  in  an  inch,  and  which  we  fuppofe  pre- 
vented from  following  the  motion  of  EF  : it  terminates  in  fuch 
a fhoulder  as  that  reprefented  at  g,  and  being  continued  to  H 
ends  in  a foot  as  in  the  figure.  The  whole  is  inclofed  in  a ftrong 
frame.  The  pinion  a muft  be  connected  in  fuch  a manner  with 
the  wheel  cd  as  to  rife  within  the  frame  along  with  it,  which 
may  eafily  be  done  by  making  its  axis  play  in  a piece  of  wood  or 
metal,  which  is  connedted  by  the  end  to  the  ferew  ef.  Or,  if 
this  fliould  be  deemed  inconvenient,  as  the  rifing  of  the  pinion 
mull;  raife  the  handle  ab,  the  wheel  cd  may  be  hindered  from 
rifing,  and  at  the  fame  time  turn  the  ferew  ef,  by  a contrivance 
fimilarto  that  ufed  with  the  index  c (fig.  3.)  in  the  micrometer. 
In  either  cafe,  the  axis  of  the  pinion  fliould  be  continued  through 
the  oppofite  fide  of  the  frame,  and  armed  with  a heavy  fly  to 
regulate  the  motion.  When  the  machine  is  to  be  applied  to 
ufe,  the  bottom  of  the  frame  refting  on  the  ground,  if  the  body 
to  be  lifted  is  already  as  high  as  the  top  g,  that  top  is  applied 
below  it ; but  if  it  is  clofe  to  the  ground,  we  put  below  it  the 
foot  h ; then,  if  the  handle  ab  be  turned  once  round,  the 
wheel  cd  and  ferew  ef  will  turn  \ part  round,  and  the  point  f 
will  rife  (|x|z)  -J_th  of  an  inch.  The  point  g or  h will 
Vol.  LXXL  K therefore 


66  Mr.  hunter  on  a new  Method  of  applying  the  Screw. 
therefore  be  lifted  upwards  (T’T  x t = ) °f  an  inch.  But 
the  end  b of  the  handle  ab  has  deferibed  above  fix  feet ; there- 
fore the  velocity  of  the  point  g is  to  that  of  the  point  b as  one 
to  (72  x 80  = ) 5760.  Therefore,  if  we  fuppofe  a man  to  act  at 
the  handle  with  a force  equal  to  30  lbs.  he  may  keep  in  equilibrio 
a weight  of  172800  lbs.  But  a fubdu&ion  of  perhaps  more 
than  one  half  of  this  muft  be  made,  that  he  may  raife  the 
weight,  as  the  friction  of  the  engine  will  be  confiderable.  Sup- 
pofe  it  to  be  two-thirds,  the  effect  {till  remains  equal  to  57600 
lbs.  or  25  tons  i4cwts.  and  32  lbs. 

It  will  eafily  appear,  that  this  method  of  applying  the  ferew 
may  have  a place  in  many  other  engines,  particularly  where 
great  accuracy  is  required  ; or  we  want  a motion  to  be  performed 
with  great  power,  while  at  the  fame  time  it  need  not  have  any 
large  compafs.  The  few  examples  given  above  may  ferve  as  a 
fpecimen. 
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Read  December  21,  178x9 

TURKEY.  Bill  convex,  fhort  and  ftrong. 

Head  and  neck  covered  with  a naked  tuberole 
flefti,  with  a long  flelhy  appendage  hanging  from 
the  bafe  of  the  upper  mandible. 

On  the  bread:  a long  tuft  of  coarfe  black 
hairs. 

Wild  Turkey,  joss£lyn*s  Voy.  99.  Rarities  8.  clayton’s 
Virgin : Phil.  Tranf.  abridged,  III.  590.  law- 
son,  149.  catesby  Topp.  XLIV. 

Le  coq  d’Inde,  beLon  248. 

Gallo-pavo,  gesner  Av.  481.  Icon.  56. 

Gallo-pavo,  aldrov.  Av.  11.  18. 

Gallo-pavo,  the  Turkey/  A.  3.  Gallo-pavo 
fylveftris  Novae  Angliae,  a New  England  wild 
Turkey,  raii  Synopfis  Avium  51. 

Meleagris  Gallo-pavo.  M.  capite  caruncula 
front ali  gularique,  m^ris  pedtore  barbato,  lin. 
Syft.  268. 

Le  Dindon  de  buf^oN  III.  brisson.  I.  158. 
tab.  xvi.  PI.  Enl.  97. 
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Defcription. 


Tall. 


White 

variety. 
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T.  with  the  characters  deferibed  in  the  definition 
of  the  genus.  The  plumage,  dark  gloflfed  with 
variable  copper  colour,  and  green.  Coverts 
of  the  wings  and  the  quill  feathers  barred  with 
black  and  white.  Tail  confifls  of  two  orders. 
The  upper  or  fliorter  very  elegant,  the  ground 
colour  a bright  bay ; the  middle  feather  marked 
with  numerous  bars  of  fhining  black  and  green. 
The  greateft  part  of  the  exterior  feathers  of  the- 
fame  ground  with  the  others  marked  with  three 
broad  bands  of  mallard  green,  placed  remote  from 
each  other.  The  two  next  are  coloured  like  thofe 
of  the  middle  ; but  the  end  is  plain  and  crofled 
with  a fingle  bar,  like  the  exterior. 

The  longer  or  lower  order  are  of  a rufly 
white  colour,  mottled  with  black;  and  crofled 
with  numerous  narrow-waved  lines  of  the  fame 
colour,  and  near  the  end  with  a broad  band. 

Wild  Turkies  preferve  a famenefs  of  colouring  ; 
the  tame,  as  ufual  with  domeftic  animals,  vary. 
It  is  needlefs  to  point  out  the  differences  in  fo  well 
known  a bird  : the  black  approaches  neareft  to  the 
original  flock.  This  variety  I have  feen  nearly  in 
a ftate  of  nature  in  Richmond  and  other  parks. 
A moft  beautiful  kind  has  of  late  been  introduced 
into  England  of  a fnowy  whitenefs,  finely  con- 
trafting  with  its  red  head.  Thefe,  I think,  came 
out  of  Holland,  probably  bred  from  an  accidental 
white  pair ; and  from  them  preferved  pure  from 
any  dark  or  variegated  birds. 


Size. 
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Size.  ' The  fees  of  the  wild  Turkies  have  been  dif- 

ferently reprefen  ted.  Some  writers  affert,  that 
there  have  been  inftances  of  their  weighing  fixty 
pounds ; but  I find  none  who,  fpeaking  from 
their  own  knowlege,  can  prove  their  weight  to 
be  above  forty.  josselyn  fays,  that  he  has 
eaten  part  of  a cock,  which  after  it  was  plucked, 
and  the  entrails  taken  out,  weighed  thirty*. 
lawson,  whofe  authority  is  unqueftionable,  faw 
half  a Turkey  ferve  eight  ^hungry  men  for  two 
meals  t ; and  fays,  that  he  had  feen  others  which 
he  believed  weighed  forty  pounds,  catesby  tells 
us,  that  out  of  the  many  hundreds  which  he  had 
handled  §.,  very  few  exceeded  thirty  pounds  ; 
each  of  thefe  fpeak  of  their  being  double  that  fize 
merely  from  the  reports  of  others. 

Manners..  The  manners  of  thefe  birds  are  as  lingular  as 
their  figure.  Their  attitudes  in  the  feafon  of  court- 
fhip  are  very  ttriking.  The  males  fling  their  heads 
and  neck  backwards,  brittle  up  their  feathers,  drop 
their  wings  to  the  ground,  ftrut  and  pace  moft  ridi- 
culoufly ; wheel  round  the  females  with  theh 
wings  ruffling  along  the  earth,  at  the  fame  time 
emitting  a ftrange  found  through  their  noftrils 
Notes.  not  unlike  the  Grurr  of  a great  fpinning  wheel. 

On  being  interrupted  they  fly  into  great  rages,  and 
change  their  notes  into  a loud  and  guttural  gobble, 

* New  England  Rarities,  p.  8. 

+ Hiftory  of  Carolina,  p.  149.  and  27. 

§ App.  XLIV.  The  greateft  certain  weight  is  given  by  Mr.  clayton,  who 
faw  one  that  reached  38  lbs.  Phil.  Tranf* 

and 
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and  then  return  to  dalliance.  The  found  of  the 

Irafcible. 

female  is  plaintive  and  melancholy. 

The  paffions  of  the  males  are  very  ftrongly  ex- 
prefl'ed  by  the  change  of  colours  in  the  flefhy  fub- 
liance  of  the  head  and  neck,  which  alters  to  red, 
white,  blue,  and  yellowifh,  as  they  happen  to  be 
affe£led.  The  fight  of  any  thing  red  excites  their 
choler  greatly. 

Polygamous.  They  are  polygamous,  one  cock  ferving  many 


Swift. 

Perch 

high. 

hens.  They  lay  in  the  fpring,  and  produce  a 
great  number  of  eggs.  They  will  perfift  in  lay- 
ing for  a great  while.  They  retire  to  fome 
obfeure  place  to  fit,  the  cock  through  rage  at  the 
lofs  of  its  mate  being  very  apt  to  break  the  eggs. 
The  females  are  very  affe&ionate  to  their  young, 
and  make  great  moan  on  the  lofs  of  them.  They 
fit  on  their  eggs  with  fuch  perfeverance,  that  if 
they  are  not  taken  away  when  addle,  the  hens 
will  almoft  perifh  with  hunger  before  they  will 
quit  the  neft. 

Turkies  greatly  delight  in  the  feeds  of  nettles ; 
but  thofe  of  the  purple-fox  glove  prove  fatal  to 
them 

Turkies  are  very  ftupid  birds,  quarrelfome,  and 
cowardly.  It  is  diverting  to  fee  a whole  flock 
attack  the  common  cock,  who  will,  for  a long 
time,  keep  a great  number  at  bay. 

They  are  very  fwift  runners  in  the  tame  as  well 
as  the  wild  ftate : they  are  but  indifferent  flyers. 
They  love  to  perch  on  trees,  and  gain  the  height 
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they  wifh  by  rifing  from  bough  to  bough.  In  a 
wild  ftate  they  get  to  the  very  fummit  of  the 
loftieft  trees,  even  fo  high  as  to  be  beyond  the  reach 
of  the  mufquet 

Gregarious.  In  the  ftate  of  nature  they  go  in  flocks  even  of 
five  hundred  -f,  feed  much  on  the  fmall  red  acorns, 
and  grow  fo  fat  in  March  that  they  cannot  fly 
more  than  three  or  four  hundred  yards,  and  are 
foon  ran  down  by  a horfeman.  In  the  unfre- 
quented parts  bordering  on  the  Mijjijipi , they  are 
fo  tame  as  to  be  fhot  with  even  a piftol  J. 

Haunts.  They  frequent  the  great  fwamps  § of  their 

native  country,  and  leave  them  at  lun-rifing  to 
repair  to  the  dry  woods  in  fearch  of  acorns  and 
berries ; and  before  fun-fet  retire  to  the  fwamps 
to  rooft. 

The  flefh  of  the  wild  Turkey  is  faid  to  be  fu~ 
perior  in  goodnefs  to  the  tame,  but  redder.  Eggs 
of  the  former  have  been  taken  from  the  neft,  and 
hatched  under  tame  Turkies.  The  young  will 
ftill  prove  wild,  perch  feparate,  yet  mix  and  breed 
together  in  the  feafon.  The  Indians  fometimes 
ufe  the  breed  produced  from  the  wild  as  decoy 
birds  to  feduce  thofe  in  a ftate  of  nature  within: 
their  reach  | J* 


LAWSON,  45. 

f adair’s  Amer.  360, 
t lawson,  149. 

§ It  is  in  the  fwamps  that  the  loftieft  and  moft  bulky  trees  are.  The  wet  with 
which  they  are  environed  makes  them  a fecure  retreat. 

B lawson,  149. 
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Wild  Turkies  are  now  grown  moft  exceffively 
rare  in  the  inhabited  parts  of  America , and  are 
only  found  in  numbers  in  the  diftant  and  moft 
unfrequented  fpots. 

The  Indians  make  a moft  elegant  cloathing  of 
the  feathers.  They  twift  the  inner  webs  into  a 
ftrong  double  thread  of  hemp,  or  inner  bark  of 
the  mulberry  tree,  and  work  it  like  matting ; it 
appears  very  rich  and  glofly,  and  as  fine  as  a filk 
fhag*.  They  alfo  make  fans  of  the  tail ; and 
the  French  of  Loui/iana  were  wont  to  make  um- 
brellas by  the  junction  of  four  of  the  tails  t* 

When  difturbed,  they  do  not  take  wing,  but 
run  out  of  fight.  It  is  ufual  to  chafe  them  with 
dogs,  when  they  will  fly  and  perch  on  the  next  tree. 
They  are  fo  ftupid  or  fo  infenfible  of  danger,  as  not 
to  fly  on  being  (hot  at ; but  the  furvivors  remain 
unmoved  at  the  death  of  their  companions  J. 
Place*  Turkies  are  natives  only  of  America , or  the 

New  World,  and  of  courfe  unknown  to  the 
ancients.  Since  both  thele  pofitions  have  been 
denied  by  fome  of  the  moft  eminent  naturalifts 
of  the  fixteenth  century,  I beg  leave  to  lay  open, 
in  as  few  words  as  poffible,  the  caufe  of  their 
error. 

Miftaken  belon  §,  the  earlieft  of  thofe  writers  who  are 

by  belon.  of  opinion  that  thefe  birds  were  natives  of  the 

* LAWSON,  l8.  ADAIR,  423. 
t DU  PRATZ,  II.  S3, 

J DU  PRATZ,  224. 

§ Hilt,  des  Oys.  248. 
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old  world,  founds  his  notion  on  the  defcription  of 
the  Guinea  fowl,  the  Meleagrides  of  strabo, 
athenjeus,  pliny,  and  others  of  the  ancients. 
I reft  the  refutation  on  the  excellent  account  given 
by  athen^eus,  taken  from  clytus  milesxus, 
a difciple  of  Aristotle,  which  can  fuit  no  other 
than  that  fowl.  46  They  want,”  fays  he,  “ na- 
46  tural  affection  towards  their  young  ; their  head 
“ is  naked,  and  on  the  top  is  a hard  round  body 
“ like  a peg  or  nail : from  their  cheeks  hangs 
66  a red  piece  of  flefh  like  a beard.  It  has  no 
44  wattles  like  the  common  poultry.  , The  fea- 
“ thers  are  black,  fpotted  with  white.  They  have 
“ no  fpurs  ; and  both  fexes  are  fo  like  as  not  to  be 
66  diftinguiftied  by  the  fight.”  varro  * and 
pliny  t take  notice  of  the  fpotted  plumage  and 
the  gibbous  fubftance  on  the  head,  athen^us 
is  more  minute,  and  contradidls  every  character 
of  the  Turkey,  whofe  females  are  remarkable 
for  their  natural  affection,  and  differ  materially 
in  form  from  the  males,  whofe  heads  are  deftitute 
of  the  callous  fubftance  and  whofe  heels  (in  the 
males)  are  armed  with  fpurs. 

aldrovandus,  who  died  in  1605,  draws  his 
arguments  from  the  fame  fource  as  belon  ; I 
therefore  pafs  him  by,  and  take  notice  of  the 
greateft  of  our  naturalifts  gesner  j,  who  falls 
into  a miftake  of  another  kind,  and  wiflies  the 


* Lib.  III.  c.  9% 
f Lib.  X.  c.  26. 
t Av.  481. 
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Turkey  to  be  thought  a native  of  India.  He 
quotes  Lilian  for  that  purpofe,  who  tells  us, 
44  That  in  India  are  very  large  poultry  not  with 
44  combs,  but  with  various  coloured  crefts  inter- 
44  woven  like  flowers,  with  broad  tails  neither 
44  bending  nor  difplayed  in  a circular  form,  which 
44  they  draw  along  the  ground  as  peacocks  do 
44  when  they  do  not  eredt  them  ; and  that  the 
44  feathers  are  partly  of  a gold  colour,  partly 
44  blue,  and  of  an  emerald  colour”** 

This  in*  all  probability  was  the  lame  bird  with 
the  Peacock  Pheafant  of  Mr*  edwards,  Le  Paoti 
de  Tibet  of  M.  brisson,  and  the  Pavo  bicalcara - 
tus  of  linn alus*  I have  feen  this  bird  living. 
It  has  a creft,  but  not  fo  conipicuous  as  that 
defcribed  by  allian  ; but  it  has  thofe  ftriking 
colours  in  form  of  eyes,  neither  does  it  eredt 
its  tail  like  the  Peacock  +>  but  trails  it  like 
the  Pheafant.  The  Catreus  of  strabo  J feems 
to  be  the.  fame  bird.  He  defcribes  it  as  un- 
commonly beautiful  and  fpotted,  and  very  like 
a Peacock.  The  former  author  § gives  a more 
minute  account  of  this  fpecies,  and  under  the 
fame  name.  He  borrows  it  from  clitarchus,  an 
attendant  of  Alexander  the  Great  in  all  his 
conquefts.  It  is  evident  from  his  defcription, 
that  it  was  of  this  kind  ; and  it  is  likewife  pro- 
bable, that  it  was  the  fame  with- his  large  Indian. 
✓ 

* De  Anim.  lib.  XVI.  c.  2, 
f Edw.  II.  67. 

Lib.  XV.  p.  1046 
§ DeAnrm,  lib.  XVII.  c,  25, 
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poultry  before  cited.  He  celebrates  it  alfo  for  its 
fine  note ; but  allowance  muff  be  made  for  the 
credulity  of  jelian.  The  Catreus , or  Peacock 
Pheafant,  is  a native  of  Tibet,  and  in  all  proba- 
bility of  the  north  of  India,  where  clitarchus 
might  have  obferved  it ; for  the  march  of  Alex- 
ander was  through  that  part  which  borders  on 
Tibet,  and  is  now  known  by  the  name  of  Fenj-ab 
or  five  rivers. 

I fhall  now  collect  from  authors  the  feveral 
parts  of  the  world  where  Turkies  are  unknown 
in  the  ftate  of  nature.  Europe  has  no  fhare  in 
the  queftion;  it  being  generally  agreed  that  they 
are  exotic  in  refpedt  to  that  continent. 

Neither  are  they  found  in  any  part  of  Afia 
Minor,  or  the  Afiatic  Turky,  notwithftanding 
ignorance  of  their  true  origin  firft  caufed  them  to 
be  named  from  that  empire.  About  Aleppo, 
capital  of  Syria,  they  are  only  met  with,  do- 
mefticated  like  other  poultry  *.  In  Armenia  they 
are  unknown,  as  well  as  in  Perfia  ; having  been 
brought  from  Venice  by  fome  Armenian  mer- 
chants into  that  empire  where  they  are  hill  fo 
fcarce  as  to  be  preferred  among  other  rare  fowl  in 
the  royal  menagetyj. 

du  h alde  acquaints  us,  that  they  are  not  natives 
of  China;  but  were  introduced  there  from  other 


* RtJSSEL,  63. 
f Tavernier,  146, 

J bell’s  Travels,  1, 128, 
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countries.  He  errs  from  mifinformation  in  faying 
that  they  are  common  in  India. 

I will  not  quote  gemelli  care ri,  to  prove  that 
they  are  not  found  in  the  Philippine  Iflands,  be- 
caufe  that  gentleman  with  his  pen  travelled 
round  the  world  in  his  eafy  chair,  during  a very 
long  indifpofition  and  confinement  * in  his  native 
country. 

But  dampier  bears  witnefs  that  none  are  found 
in  Mindanao|. 

nor  Africa;  The  hot  climate  of  Africa  barely  fuffers  thefe 
birds  to  exift  in  that  vaft  continent,  except  under 
the  care  of  mankind.  Very  few  are  found  in 
Guinea,  except  in  the  hands  of  the  Europeans, 
the  negroes  declining  to  breed  any  on  account  of 
the  great  heats  §.  prosper  alpinus  fatisfies:  us, 
they  are  not  found  either  in  Nubia  or  in  Egypt. 
He  defcribes  the  Meleagrides  of  the  ancients,  and 
only  proves  that  the  Guinea  hens  were  brought 
out  of  Nubia,  and  fold  at  a great  price  at  Cairo  || ; 
but  is  totally  filent  about  the  Turkey  of  the 
moderns. 

Let  me  in  this  place  obferve,  that  the  Guinea 
hens  have  long  been  imported  into  Britain.  They 
were  cultivated  in  our  farm-yards ; for  I difcover 
in  1277,  in  the  Grainge  of  Clifton,  in  the 

* Sir  james  porter’s  Obf.  Turkey,  I.  1.  321. 

J barbot  in  churchill’s  Coll.  V.  29, 

§ bosman,  229. 

)1  Hift.  Nat.  iEgypti,  I.  201, 

. 4 parilh 
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parifh  of  Ambrofden  in  Buckinghamfhire,  among 
other  articles,  fix  Mut  ilones  and  fix  Africans 
fcemince  % for  this  fowl  was  familiarly  known  by 
the  names  of  Afra  Avis  and  Gallina  Africana 
and  Numida.  It  was  introduced  into  Italy  from 
Africa,  and  from  Rome  into  our  country.  They 
were  negledted  here  by  reafon  of  their  tendernefs 
and  difficulty  of  rearing.  We  do  not  find  them 
in  the  bills  of  fare  of  our  ancient  feafts  t ; nei- 
ther do  we  find  the  Turkey:  which  laft  argu- 
ment amounts  to  almoft  a certainty,  that  fuch  a 
hardy  and  princely  bird  had  not  found  its  way  to 
us.  The  other  likewife  was  then  known  by  its 
claffical  name ; for  that  judicious  writer  Dodlor 
caius  defcribes,  in  the  beginning  of  the  reign  of 
Elizabeth,  the  Guinea  fowl,  for  the  benefit  of 
his  friend  gesner,  under  the  name  of  Meleagris, 
beftowed  on  it  by  Aristotle  j. 

Having  denied,' on  the  very  heft  authorities, 
that  the  Turkey  ever  exifted  as  a native  of  the  old 
world,  I muft  now  bring  my  proofs  of  its  being 
only  .a  native  of  the  new,  and^f  the  period  in 
which  it  firft  made  its  appearance  in  Europe., 
but  of  The  firft  precife  defcription  of  thefe  birds  is 

America,  given  by.oviEDo,  who  in  1525  drew  up  a fum- 
mary  of  his  greater  work,  the  Hiftory  of  the 


* kennet’s  Parochial  Antiq.  287, 

f Neither  in  that  of  george  nevil  nor  among  the  delicacies  mentioned 
in  the  Northumberland  houlhold  book  begun  in  the  beginning  of  the  reign  of 

HENRY  VIII. 

} caii  Opufc,  13.  Hill.  An.  lib.  VI,  c,  2. 
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Indies,  for  the  ufe  of  his  monarch  Charles  v. 
This  learned  man  had  vifited  the  Weft  Indies  and 
its  iflands  in  perfon,  and  payed  particular  regard 
to  the  natural  hiftory.  It  appears  from  him,  that 
the  Turkey  was  in  his  days  an  inhabitant  of 
the  greater  iflands,  and  of  the  main-land.  He 
fpeaks  of  them  as  Peacocks ; for  being  a new 
bird  to  him,  he  adopts  that  name  from  the  re- 
femblance  he  thought  they  bore  to  the  former. 
46  But,”  fays  he,  “ the  neck  is  bare  of  feathers, 
“ but  covered  with  a (kin  which  they  change 
“ after  their  phantafie  into  diverfe  colours.  They 
46  have  * a horn  as  it  were  on  their  front,  and 
46  haires  on  the  breaft-f.”  He  defcribes  other 
birds  which  he  allb  calls  Peacocks.  They  are  of 
the  gallinaceous  genus,  and  known  by  the  name 
of  Curaflfao  birds,  the  male  of  which  is  black, 
the  female  ferruginous. 

The  next  who  fpeaks  of  them  as  natives  of 
the  main-land  of  the  warmer  parts  of  America, 
is  francisco  fernandez,  fent  there  by  philip 
ii.  to  whom  he  was  phylician.  This  naturalift 
obferved  them  in  Mexico.  We  find  by  him, 
that  the  Indian  name  of  the  male  was  Huexolotl, 
of  the  female  Cihuatotolin.  He  gives  them  the 
title  of  Gallus  Indicus  and  Gallo  Pavo.  The 
Indians,  as  well  as  Spaniards,  domefticated  thefe 
ufeful  birds.  He  fpeaks  of  the  fize  by  comparifon, 
faying,  that  the  wild  were  twice  the  magnitude  of 


In  the  Spanifh  Pe^on  corto* 
^ In  purchas.  III.  995. 
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the  tame ; and  that  they  were  (hot  with  arrows 
or  guns*.  I cannot  learn  the  time  when  Fer- 
nandez wrote.  It  mull  be  between  the  years 
1555  and  1598,  the  period  of  phi lip’s  reign.. 

pedro  de  ciesa  mentions -Turk ies  on  the  Ifth- 
musof  Darient-  LERY,aPortuguefe  author,  afferts,> 
that  they  are  found  in  Brazil,  and  gives  them  an 
Indian  name  j ; but  fince  I can  difcover  no  traces 
of  them  in  that,  diligent  and  excellent  naturalift 
marcgrave,  who  refided  long  in  that  country, 

I muft  deny  my  afient..  But  the  former  is  con- 
firmed by  that  able  and  honefi:  navigator  dam- 
pier,  who  law  them  frequently,  as,  well  wild 
as  tame,  in  the  province  of  Yucatan  §,-?  now  7 
reckoned  part  of  the  kingdom  of  Mexico. 

In  North  America  they  were  ohferved  by  the ' 
very  firfl  difcoverers.  When  rene  de  laudon- 
niere,  patronized  by  Admiral  coligni;,  attempted? 
to  form  a fettlement  near  the  place  where- 
Charleftown  now  ftands,  he  met  with  them  on 
his  firfl:  landing  in  1564,  and  by  his  hiftorian  has 
reprefented  them  with  great  fidelity  in  the  fifth 
plate  of  the  recital  of  his  voyage  || : from  his  time 
the  witnefles  to  their  being  natives  of  the  conti- 
nent are  Enumerable.  They  have  been  feen  in 
flocks  of  hundreds  in  all  parts  from  Lomfiana* 


Hi&.Av.  N6xv  Hifpr;  27; 
t Seventeen  Years  Travels,  20. 

X In  de  laet’s  Defer,  des  Indes,  491. 

§ Voyages,  vol.  II.  part  II.  p.  65.  . dy?  12 4V 
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even  to  Canada ; but  at  this  time  are  extremely 
rare  in  . a wild  ftate,  except  in  the  more  diftant 
parts,  where  they  are  ftill  found  in  vaft  abun- 
dance. 

When  firft  It  was  from  Mexico  or  Yucatan  that  they  were 
introduced  firft  introduced  into  Europe  ; for  it  is  certain,  that 

into  Europe,  they  were  imported  into  England  as  early  as  the 
year  1524,  the  15th  of  henry  viii  *. 

We  probably  received  them  from  Spain,  with 
which  we  had  great  intercourfe  till  about  that 
time.  They  were  mod  fuccefsfully  cultivated  in 
our  kingdom  from  that  period ; infomuch,  that 
they  grew  common  in  every  farm-yard,  and  be- 
came even  a di(h  in  our  rural  feafts  by  the  year 
1585  ; for  we  may  certainly  depend  on  the  word 
of  old  tusser,  in  his  Account  of  the  Chriftmas 
Hulbandlie  Fare  +. 

Beefe,  Mutton,  and  Porke,  fhred  pies  of  the  beft, 

Pig,  Veale,  Goofe,  and  Capon,  and  Turkie  well  dreft, 
Cheefe,  Apples,  and  Nuts,  jolie  carols  to  heare, 

As  then  in  the  countrie,  is  counted  good  cheare. 

But  at  this  very  time  they  were  fo  rare  in 
France,  that  we  are  told,  that  the  very  firft  which 
was  eaten  in  that  kingdom  appeared  at  the  nuptial 
feaft  of  Charles  ix.  in  1570  J. 

* baker’s  Chr.  Anderson’s  DiCt.  Com.  I.  354.  hackluyt,  II.  165. 
makes  their  introduction  about  the  year  1532.  barnady  googe,  one  of  our 
early  writers  on  Hufbandry,  fays,  they  were  not  feen  here  before  1530.  He  highly 
commends  a Lady  hales  of  Kent,  for  her  excellent  management  of  thefe  fowl,  p.  1 66. 
f Five  Hundred  Points  of  good  Hulbandrie,  p.  57, 

1 anderson’s  DiCt.  Comm.  I.  410. 
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To  this  account  I beg  leave  to  lay  before  you  the  very  extra- 
ordinary appearance  on  the  thigh  of  a Turkey,  bred  in  my 
poultry  yard,  and  which  was  killed  a few  years  ago  for  the 
table.  The  fervant  in  plucking  it  was  very  unexpectedly 
wounded  in  the  hand.  On  examination  the  caufe  appeared  fo 
lingular,  that  the  bird  was  brought  to  me.  I difcovered,  that 
from  the  thigh-bone  iffued  a fliort  upright  procefs,  and  to  that 
grew  a large  and  ftrong  toe,  with  a fharp  and  crooked  claw, 
exactly  refembling  that  of  a rapacious  bird. 
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VII.  Account  of  a Nebula  in  Coma  Berenices.  By  Edward 
Pigott,  Efq.  In  a Letter  to  Nevil  Mafkelyne,  D.  D.  F.  R.  S, 
and  Ajlronomer  Royal. 


Read  January  n,  1781. 


m r?  \r  c t t>  Frampton-houfe,  Glamorganfhire, 

K ^ V * a 1 September  3,  1779. 

AS  my  father  generally  addreffes  to  you  fuch  papers  as  he 
communicates  to  the  Royal  Society,  I beg  the  favour  of 
you  to  acquaint  that  learned  body,  that,  on  the  23d  of  March,  I 
difcovered  a nebula  in  the  conftellation  of  Coma  Berenices, 
hitherto,  I prefume,  unnoticed ; at  leaft  not  mentioned  in  M. 
de  la  lande’s  iVftronomy,  nor  in  M.  Messier’s  ample  Cata- 
logue of  nebulous  Stars,  I have  obferved  it  in  an  achromatic 
tranfit  inftrument,  three  feet  long,  and  deduced  its  mean  R.  A. 
by  comparing  it  to  the  following  liars,  having  made  the  necef- 
fary  corrections  for  aberration  and  nutation,  the  refults  are  : 


By  S Gemini 
By  y Canis  Majoris 
By  s Virginis 
By  v Virginis 
By  5 Leonis 


o in 

191  28  35 
I9I  28  41 
191  28  45 
I9I  28  36 
191  28  34 


Mean  R.  A.  of  the  nebula  for  April  20,  1779,  191  28  38 


Its 
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Its  light  being  exceedingly  weak,  I could  not  fee  it  in  the 
two-feet  telefcope  of  our  quadrant,  fo  was  obliged  to  determine 
its  declination  likewife  by  the  tranfit  inftrument.  This  deter- 
mination, however,  I believe,  may  be  depended  upon  to  two  mi- 
nutes : hence  its  declination  north  is  220 53" The  diameter 
of  this  nebula  I judged  to  be  about  two  minutes  of  a degree, 

I am,  &c* 

E.  PIGOTT. 
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VIII.  Double  Stars  difcovered  in  1 779,  at  Frampton-houfe, 
Glamorganfhire.  By  Nathanael  Pigott,  Efq . F . R.  S* 
Foreign  Member  of  the  Academies  of  Bruffels  and.Caen,  and 
Correfpondent  of  the  Royal  Academy  of  Sciences  at  Paris ; 
commmiicated  by  Nevil  Malkelyne,  D,  D.  F . R*  S.  and 
AJlrononomer  Royal 

Read  January  1 1 , 1781. 
y b tMe  rev.  nevie  -maskelyne. 


rev.  sir,  October  27,  1779* 

INCLOSED  ate  the  determinations  of  the  places  of  three 
double  ftars,  which  I difcovered  this  fummer ; at  leaft,  I 
prefume,  they  have  not  been  obferved  -before,  hecaufe  I do  not 
find  them  inferted  in  Dr.  Bradley’s  catalogue,  published  in 
the  Nautical  Almanac  1.77.3,  or  in  the  Connoiffance  des  Terns,, 
no  more  than  in  other  catalogues  in  my  pofieffion.  y Delphini, 
indeed,  is  in  M.  de  la  caille’s  catalogue ; but  not  as  a dou- 
ble ftar.  The  inftrument  he  ufed  was  not,  probably,  power- 
ful enough  for  that  purpofe.  In  the  two-feet  telefcope  of  my 
quadrant  it  appears  only  as  a fiilgle  ftar.  Thefe  ftars  were  ob- 
ferved by  me  in  a three- feet  achromatic  telefcope  of  a tranfit 
in'ftrument»  with  an  obje£t~glafs  near  two  inches  diameter. 
The  R.  A.  are  nicely  determined  by  feveral  obfervations,  which 
always  agree  with  each  to  a fra&ion  of  a fecond  in  time.  The 

declinations 
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declinations  were  deduced  from  the  difference  of  altitudes : be- 
tween the  double  .ftars  and  the  known  ftars,  to  which  they  were 
compared,  as  (hewn  by  the  graduated  femi-circle  of  the  traniit 
inftrument,  which,  being  divided  to  two  minutes  only,  cannot 
be  fuppofed  to  give  any  great  precifion : however,  I believe, 
their  declinations,  hence  deduced,  to  be  corredt  to  one  minute, 
or  one  minute  and  a half 

In  obferving  the  double  ftar  compared  to  Z Pegafi,  I found  it 
impoflible  to  illuminate  the  wires  of  the  tranfit  inftrument, 
without  nearly  obliterating  the  ftar..  This  difficulty  led  me  to 
a method,  which,  as  it  completely  fucceeded^  may,  under  fimi- 
lar  circumftances,  jpoffibly.  be  of  ufe  to  others*  A perfbn  illu- 
minating the  \vires  very,  faintly,  fo  that  I could  juft  perceive  the 
double  ftar,  at  a fignal  totally  withdrew  the  light : this  fignal 
I made  when  the  double  ftar  was  nearly  as  far  diftant  from  the 
firft  wire  as  the  five  wires  are  diftant  from  each  other,  which, 
in  this  cafe,  was  13"  by  the  clock.  I then  counted  the  fecond  s* 
and  did  not  Nfail  to  fee  the  ftar  diiappear  a fecond  or  two  within 
the  time  expedted.  On  its  difappeanng,  I made  a fignal  to 
write  down;  and  then  beginning  to  count  again,  did  the 
fame  at  each  wire.  I have  fince  tried  this  method  with  other 
ftars,  and  think  they  may  he  thus  obferved,  even  with  greater 
precifion  than  when  the  wires  are  illuminated.  Hence  the 
troublefome  bufinefs,  well  known  to  aftronomers,  of  illumi- 
iiating  faint  objedt  s,  may  be  removed.  * \ . 

The  preceding  ftar  of  each  double  ftar  was  obferved  on  the 
firft,  third  hid  fifth  wires,  and  the  following  one  oii  the  fecond 
•and  fourth  wires:;  and  thus  their  difference  in  R.  A.  in  time, 
converted  into  p&rts  of  a great  circle,  obtained.  Suppofing  the 
apparent  R.  A.  and  App.  declinations  of  a Delpbini,  /3  Aquarii, 
and  £ Pegafi,  as  here  a ftumed,  the  places  of  thefe  double  ftars 
were  found  to  be  as  follows. 

I beg 
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I beg  you  to  communicate  thefe  obfervations  to  the  Royal 
Society  ; and  to  receive  my  thanks  for  thofe  I received  in  your 
letter  of  the  7 th  inftant. 

I am,  &c. 

N.  PIGOTT. 

September  5,  1779* 

App.  R.  A.  App.  declination. 

307  21  5 a Delpmm,  3d  mag.  - 15  8 53  N. 

309  6 30  2d  orbrighteft  of  y Delphini  4.  15  20  40  N. 

o 9!  diff.  R.A.  of  the  2 ftars  in  y Delphini. 

Note,  both  the  ftars  in  y Delphini  have  the  fame,  or 
nearly  the  fame,  declination.  The  id:  is  of  the  6th, 
the  2d  of  the  4th  mag. 

September  19. 

319  59  274-  /3Aquarii,  3d  mag.  - 6 31  34  S. 

318  3 21  preceding  double  ftar,  5th  mag.  7 40  34  S* 

o 1 1 - diff.  R.A.  between  1 ft  and  2d  of  the  double  ftar. 

Note,  the  ift  feemed  of  the  5th,  the  2d  of  the  7th  mag. 
The  1 ft  Is  perhaps  .6"  or  8"  S.  of  the  following  one. 

j . a . r r * r r * j ; ' ] ' * * • 5 * . , Ii  > IT  - 4 ! ;*cj  rw‘~  ’<  * 

357  36  55+  c Pegafi,  3d  mag-  “/  9 41  2AN- 

346  53  36I  double  ftar,  8th,  9th  mag  - 3 59  17  N. 

Note,  both  the  ftars  of  this  double  ftar  have  the  fame,  or 
nearly  the  fame,  R.  A.;  their  difference  in  declination 
is  1 5"  or  perhaps  20''. 
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JX.  An  Account  of  the  Ganges  ahd  Burrampooler  Rivers,  Bf 
James  Rennell,  Efq,  F,  R*  S. ; communicated  by  Jofeph 
Banks,  Efq.  P . R . S. 

Read  January  25,  1781, 

THE  * Ganges  and  f Burrampooter  Rivers,  together  with 
their  numerous  branches  and  adjuncts,  interfeCt  the 
country  of  Bengal  in  fuch  a variety  of  directions,  as  to  form 
the  moft  compleat  and  eafy  inland  navigation  that  can  be  con- 
ceived. So  equally  and  admirably  aiffufed  are  thofe  natural 
canals,  over  a country  that  approaches  nearly  to  a perfeCt  plane, 
that,  after  excepting  the  lands  contiguous  to  Burdwan,  Bir- 
boom,  &c.  (which  altogether  do  not  conftitute  a fixth  part  of 
Bengal)  we  may  fairly  pronounce,  that  every  other  part  of  the 
country  has,  even  in  the  dry  feafon,  fome  navigable  ft  ream 
within  25  miles  at  fartheft,  and  more  commonly  within  a third 
part  of  that  diftance. 

It  is  fuppofed,  that  this  inland  navigation  gives  conftant  em- 
ployment to  30,000  boatmen.  Nor  will  it  be  wondered  at, 
when  it  is  known,  that  all  the  fait,  and  a large  proportion  of  the 

* The  proper  name  of  this  river  in  the  language  of  Hindooftan  (or  Indoftan) 
is  Pudda  or  Padda.  It  is  alfo  named  Burra* Gonga,  or  the  Great  River;  and 
Gonga,  the  River,  by  way  of  eminence  ; and  from  this,  doubtlefs,  the  European 
names  of  the  river  are  derived. 

f The  orthography  of  this  word,  as  given  here,  is  according  to  the  common 
pronunciation  in  Bengal but  it  is  faid  to  be  written  in  the  Sanfcrit  language, 
Brahma-pootar,  which  fignifies  the  Son  f Brahma. 
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food  confumed  by  ten  millions  of  people  are  conveyed  by  water 
within  the  kingdom  of  Bengal  and  its  dependencies.  To  thefe 
muft  be  added,  the  tranfport  of  the  commercial  exports  and  im- 
ports, probably  to  the  amount  of  two  millions  fterling  per 
annum  ; the  interchange  of  manufactures  and  products  through- 
out the  whole  country  ; the  fifheries ; and  the  article  of  tra- 
velling 

Thefe  rivers,  which  a late  ingenious  gentleman  aptly  termed 
lifters  and  rivals  (he  might  have  faid  twin  filters,  from  the  con- 
tiguity of  their  fprings),  exactly  refemble  each  other  in  length 
of  courfe  ; in  bulk,  until  they  approach  the  fea  ; in  the  fmooth- 
nefs-  and  colour  of  their  waters  ; in  the  appearance  of  their 
borders  and  iflands ; and,  finally,  in  the  height  to  which  their 
floods  rife  with  the  periodical  rains.  Of  the  two,  the  Burram- 
poo  ter  is  the  largeft ; but  the  difference  is  not  obvious  to  the 
eye.  They  are  now  well  known  to  derive  their  fources  from 
the  vaft  mountains  of  Thibet  t ; from  whence  they  proceed  in 
oppofite  directions;  the  Ganges  feeking  the  plains  of  Hin- 
dooftan  (or  Indoftan)  by  the  weft  ; and  the  Burrampooter  by 
the  eaft  ; both  purfuing  the  early  part  of  their  courfe  through 
rugged  vallies  and  defiles,  and  feldom  vifiting  the  habitations  of 
men.  The  Ganges,  after  wandering  about  750  miles  through 
thefe  mountainous  regions,  iffues  forth  a deity  to  the  fuperfti- 

* The  embarkations  made  nfe  of  vary  in  bulk  from  180  tons  down  to  the  lize 
©f  a wherry.  Thofe  from  30  to  30  tons  are  reckoned  the  moft  eligible  for 
tranfporting  merchandize. 

f Thefe  are  amongft  the  higheft  of  the  mountains  of  the  old  hemifphere.  I 
was  not  able  to  determine  their  height;  but  it  may  in  fome  meafure  be  gueffed, 
by  the  circumftance  of  their  rifing  conhderably  above  the  horizon,  when  viewed 
from  the  plains  cf  Bengal,  at  the  diflance  of  150  miles. 

7 tious. 
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tious,  yet  gladdened,  inhabitant  of  Hindooftan  From  Hurd- 
war  (or  Hurdoar)  in  latitude  30°,  where  it  gufhes  through  an 
opening  in  the  mountains,  it  flows  with  a fmooth  navigable 
ftream  through  delightful  plains  during  the  remainder  of  its 
courfe  to  the  fea  (which  is  about  1350  miles)  diffusing  plenty 
immediately  by  means  of  its  living  productions ; and  feconda- 
rily  by  enriching  the  adjacent  lands,  and  affording  an  eafy 
means  of  tranfport  for  the  productions  of  its  borders.  In  a 
military  view,  it  opens  a communication  between  the  different 
ports,  and  ferves  in  the  capacity  of  a military  way  through  the  . 
country ; renders  unneceflary  the  forming  of  magazines ; and 
infinitely  furpaffes  the  celebrated  inland  navigation  of  North 
America,  where  the  carrying  places  not  only  obftruct  the  pro- 
grefs  of  an  army,  but  enable  the  adverfary  to  determine  his 
place  and  mode  of  attack  with  certainty. 

In  its  courfe  through  the  plains,  it  receives  eleven  rivers,  fome 
of  which  are  equal  to  the  Rhine,  and  none  fmaller  than  the 

* The  fabulous  account  of  the  origin  of  the  Ganges  (as  communicated  by 
my  learned  and  ingenious  friend  c.  w.  bough  ton  rouse,  Efq.)  is,  that  it  flows- 
out  of  the  foot  of  Befchan  * (from  whence,  fay  the  Bramins,  it  has  its  name 
Padda ; that  word  ftgnifying  foot  in  the  Sanfcrit  language)  ; and  that  in  its 
courfe  to  the  plains  of  Hindooftan  it  pafles  through  an  immenfe  rock  fliaped  like 
a Cow’s -head. 

The  allegory  is  highly  expreflive  of  the  veneration  which  the  Hindoos  have  for 
this  famous  ftream ; and  no  lefs  fo  of  their  gratitude  to  the  Author  of  Nature  for 
beftowing  it : for  it  defcribes  the  blefling  as  flowing  purely  from  his  bounty  and 
goodnefs. 

The  rock  before  mentioned  has,  I believe,  never  been  vifited  by  any  European; 
and  is  even  allowed  by  moft  of  the  natives  to  bear  no  refemblarice  to  the  obje£t 
from  whence  it  is  denominated.  However,  as  the  effe&s  of  fuperftition  do  often 
long  furvive  the  illuflons  that  gave  it  birth,  the  rock  or  cavern  ftill  preferves  the 
name  of  Gwumooky , or  Cow’s-head. 

* Befchan  is  the  farae  with  Viftnou,  the  preserving  deity. 
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Thames,  befides  as  many  others  of  lefler  note.  It  is  owing  to 
this  vaft  influx  of  ftreams,  that  the  Ganges  exceeds  the  Nile  fo 
greatly  in  point  of  magnitude,  whilft  the  latter  exceeds  it  in 
length  of  courfe  by  one-third.  Indeed,  the  Ganges  is  inferior 
in  this  laft  refpedt,  to  many  of  the  northern  rivers  of  Alia ; 
though  I am  inclined  to  think  that  it  difeharges  as  much  or 
more  water  than  any  of  them,  becaufe  thofe  rivers  do  not  lie 
within  the  limits  of  the  periodical  rains 

The  bed  of  the  Ganges  is,  as  may  be  fuppofed,  very  unequal 
in  point  of  width.  From  its  firft  arrival  in  the  plains  at  Hurd- 

* The  proportional  lengths  of  courfe  of  fome  of  the  moll:  noted  rivers  in  the 
world  are  fliewn  nearly  by  the  following  numbers ; 
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war,  to  the  conflux  of  the  Jumnah  (the  firft  river  of  note  that 
joins  it)  its  bed  is  generally  from  a mile  to  a mile  and  a quarter 
wide;  and,  compared  with  the  latter  part  of  its  courfe,  tole- 
rably ftraight.  From  hence,  downward,  its  courfe  becomes 
more  winding,  and  its  bed  confequently  wider  till,  having 
alternately  received  the  waters  of  the  Gogra,  Soane,  and  Gun- 
duck,  belides  many  fmalier  ftreams,  its  bed  has  attained  its 
full  width ; although,  during  the  remaining  600  miles  of  its 
courfe  it  receives  many  other  principal  ftreams.  Within  this 
fpace  it  is,  in  the  narroweft  parts  of  its  bed,  half  a mile  wide, 
and  in  the  wideft,  three  miles  ; and  that,  in  places  where  no 
iflands  intervene.  The  ftream  within  this  bed  is  always  either 
increafing  or  decreafing,  according  to  the  feafon.  When  at  its 
loweft  (which  happens  in  April)  the  principal  channel  varies 
from  400  yards  to  a mile  and  a quarter  ; but  is  commonly  about 
three  quarters  of  a mile. 

The  Ganges  is  fordable  in  fome  places  above  the  conflux  of 
the  Jumnah,  but  the  navigation  is  never  interrupted.  Below 
that,  the  channel  is  of  confiderable  depth,  for  the  additional 
ftreams  bring  a greater  acceffion  of  depth  than  width.  At  .500 
miles  from  the  fea,  the  channel  is  thirty  feet  deep  when  the 
river  is  at  its  loweft  ; and  it  continues  at  leaft  this  depth  to  the 
fea,  where  the  fudden  expanfion  of  the  ftream  deprives  it  of  the 
force  neceffary  to  fweep  away  the  bars  of  fand  and  mud  thrown 
acrofs  it  by  the  ftrong  foutherly  winds ; fo  that  the  principal 
branch  of  the  Ganges  cannot  be  entered  by  large  veflels. 

About  220  miles  from  the  fea  (but  300  reckoning  the  wind- 
ings of  the  river)  commences  the  head  of  the  Delta  of  the 
Ganges,  which  is  confiderably  more  than  twice  the  area  of 
that  of  the  Nile.  The  two  wefternmoft  branches,  named  the 
* This  will  be  explained  when  the  windings  of  the  river  are  treated  of. 
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Coffimbuzar  and  Jeilinghy  Rivers,  unite  and  form  what  is 
afterwards  named  the  Hoogly  River,  which  is  the  port  of 
Calcutta,  and  the  only  branch  of  the  Ganges  that  is  commonly 
navigated  by  fhips  The  Coffimbuzar  River  is  a 1 mo  ft  dry 
from  Oftober  to  May  ; and  the  Jellinghy  River  (although  a 
ftream  runs  in  it  the  whole  year)  is  in  fome  years  unnavigable 
during  two  or  three  of  the  dryeft  months ; fo  that  the  only 
fubordinate  branch  of  the  Ganges,  that  is  at  all  times  naviga- 
ble, is  the  Chundnah  River,  which  feparates  at  Moddapour, 
and  terminates  in  the  Hooringotta. 

That  part  of  the  Delta  bordering  on  the  fea,  is  compofed  of 
a labyrinth  of  rivers  and  creeks,  all  of  which  are  fait,  except 
thofe  that  immediately  communicate  with  the  principal  arm 
of  the  Ganges.  This  trad,  known  by  the  name  of  the 
Woods,  or  Sunderbunds,  is  in  extent  equal  to  the  principality 
of  Wales ; and  is  fo  completely  enveloped  in  woods,  and  in- 
fefted  with'Tygers,  that  if  any  attempts  have  ever  been  made 
to  clear  jt  (as  is  reported)  they  have  hitherto  mifcarried.  Its 
numerous  canals  are  fo  difpofed  as  to  form  a compleat  inland 
navigation  throughout  and  acrofs  the  lower  part  of  the  Delta, 
without  either  the  delay  of  going  round  the  head  of  it,  or  the 
hazard  of  putting  to  fea.  Here  fait,  in  quantities  equal  to  the 
whole  confumption  of  Bengal  and  its  dependencies,  is  made 

* The  Hoogly  River,  or  wefternmoft  branch  of  the  Ganges,  has  a much 
deeper  outlet  to  the  fea  than  the  principal  branch.  Probably  this  may  be  owing  to 
its  precipitating  a lefs  quantity  of  mud  than  the  other  the  quantity  of  the 
Ganges  water  difeharged  here  being  lefs  than  in  the  other  in  the  proportion  of  one 
to  fix.  From  the  difficulties  that  occur  in  navigating  the  entrance  of  the  Hoogly 
River,  many  are  led  to  fuppofe,  that  the  channels  are  fhallow.  The  difficulties, 
however,  arife  from  bringing  the  ffiips  acrofs  fome  of  the  fand-banks,  which  pro- 
ject fo  far  into  the  fea,  that  the  channels  between  them  cannot  ealily  be  traced 
from  without. 
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and  tranfported  with  equal  facility : and  here  alfo  is  found  an 
inexhauftible  ftore  of  timber  for  boat-building.  The  breadth 
of  the  lower  part  of  this  Delta  is  upwards  of  180  miles;  to 
which,  if  we  add  that  of  the  two  branches  of  the  river  that 
bound  it,  we  fhall  have  about  200  miles  for  the  diftance  to 
which  the  Ganges  expands  its  branches  at  its  junction  with  the 
fea. 

It  has  been  obferved  before,  that  the  courfe  of  this  river,  from 
Hurdwar  to  the  fea,  is  through  an  uniform  plain,  or,  at  leaft, 
what  appears  fuch  to  the  eye : for,  the  declivity  is  much  too 
fmall  to  be  perceptible.  A feflion  of  the  ground,  parallel  to 
one  of  its  branches,  in  length  60  miles,  was  taken  by  order  of 
Mr.  Hastings  ; and  it  was  found  to  have  about  nine  inches  de- 
fcent  in  each  mile,  reckoning  in  a ftraight  line,  and  allowance 
being  made  for  the  curvature  of  the  earth.  Rut  the  windings 
of  the  river  were  fo  great,  as  to  reduce  the  declivity  on  which 
the  water  ran,  to  lefs  than  four  inches  per  mile  : and  by  a com- 
parifon  of  the  velocity  of  the  ft  ream  at  the  place  of  experiment 
with  that  in  other  places,  I have  no  reafon  to  fuppofe,  that  its 
general  defcent  exceeds  it  *. 

The  medium  rate  of  motion  of  the  Ganges  is  lefs  than  three 
miles  an  hour  in  the  dry  months.  In  the  wet  feafon,  and 
during  the  draining  off  of  the  waters  from  the  inundated  lands, 
the  current  runs  from  five  to  fix  miles  an  hour ; but  there  are 
inftances  of  its  running  feven,  and  even  eight  miles,  in  parti- 
cular fituations,  and  under  certain  circumftances.  I have  an 

* M.  de  condamine  found  the  defcent  of  the  river  Amazons,  in  a ftraight 
courfe  of  about  i860  miles,  to  be  about  1020  Englifh  feet,  or  6-1  inches  in  a mile. 
If  we  allow  for  the  windings,  it  comes  out  nearly  the  fame  as  the  Ganges  (which 
winds  about  i|-  mile  in  three,  taking  its  whole  courfe  through  the  plains),  namely, 
about  4 inches  in  a mile. 
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experiment  of  my  own  on  record,  in  which  my  boat  was  car- 
ried 56  miles  in  eight  hours  ; and  that  again  ft  fo  ftrong  a wind, 
that  the  boat  had  evidently  no  progreffive  motion  through  the 
water. 

When  we  confider,  that  the  velocity  of  the  ftream  is  three 
miles  in  one  feafon,  and  five  or  more  in  the  other,  on  the  lame 
defcent  of  four  inches  per  mile  ; and,  that  the  motion  of  the 
inundation  is  only  half  a mile  per  hour,  on  a much  greater 
defcent  ; no  further  proof  is  required  how  lmall  the  proportion 
of  velocity  is,  that  the  defcent  communicates.  It  is  then,  to 
the  impetus  originating  at  the  fpring  head,  or  at  the  place 
where  adventitious  waters  are  poured  in,  and  fucceffively  com- 
municated to  every  part  of  the  ftream,  that  we  are  principally 
to  attribute  the  velocity,  which  is  greater  or  leffer,  according  to 
the  quantity  of  water  poured  in. 

In  common,  there  is  found  on  one  fide  of  the  river  an  almoft 
perpendicular  bank,  more  or  lefs  elevated  above  the  ftream, 
according  to  the  feafon,  and  with  deep  water  near  it : and  on 
the  oppofite  fide  a bank,  (helving  away  fo  gradually  as  to  occa- 
fion  (hallow  water  at  fome  diftance  from  the  margin.  This  is 
more  particularly  the  cafe  in  the  moft  winding  parts  of  the 
river,  becaufe  the  very  operation  of  winding  produces  the 
fteep  and  (helving  banks  * : for  the  current  is  always  ftrongeft 
on  the  external  fide  of  the  curve  formed  by  the  ferpentine 
courfe  of  the  river ; and  its  continual  adion  on  the  banks 

* Hence  it  is,  that  the  fe£tion  of  a river,  that  winds  through  a loofe  foil, 
approaches  nearly  to  an  obtufe  angled-triangle,  one  of  whofe  lides  is  exceedingly 
fhort  and  difproportioned  to  the  other  two  . But  when  a river  perfeveres  in 

a ftraight  courfe,  the  fedtion  becomes  nearly  the  half  of  an  ellipfis  divided 
longitudinally  V j. 
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either  undermines  them  or  wafhes  them  down.  In  places 
where  the  current  is  remarkably  rapid,  or  the  foil  uncom- 
monly loGfe,  fuch  trafts  of  land  are  fwept  away  in  the  courfe 
of  one  feafon,  as  would  aftonilh  thofe  who  have  not  been  eye- 
witnefles  to  the  magnitude  and  force  of  the  mighty  ftreams 
occalioned  by  the  periodical  rains  of  the  tropical  regions.  This 
necefiarily  produces  a gradual  change  in  the  courfe  of  the  river; 
what  is  loft  on  one  fide  being  gained  on  the  other,  by  the  mere 
operation  of  the  ftream  : for  the  fallen  pieces  of  the  bank  dif- 
folve  quickly  into  muddy  fand,  which  is  hurried  away  by  the 
current  along  the  border  of  the  channel  to  the  point  from 
whence  the  river  turns  off  to  form  the  next  reach,  where  the 
ftream  growing  weak,  it  finds  a refting  place,  and  helps  to  form 
a fhelving  bank,  which  commences  at  the  point,  and  extends 
downwards,  along  the  fide  of  the  fucceeding  reach. 

To  account  for  the  flacknefs  of  the  current  at  the  point,  it 
is  neceflary  to  obferve,  that  the  ftrongeft  part  of  it,  inftead  of 
turning  fhort  round  the  point,  preferves  for  fome  time  the  direc- 
tion given  it  by  thelaftfteep  bank,  and  is  accordingly  thrown 
obliquely  acrofs  the  bed  of  the  river  to  the  bay  on  the  oppofite 
fide,  and  purfues  its  courfe  along  it,  till  the  intervention  of 
another  point  again  obliges  it  to  change  fides. 

In  thofe  few  parts  of  the  river  that  are  ftraight,  the  banks 
pndergo  the  leaft  alteration  +?  as  the  current  runs  parallel  to 

* In  the  dry  feafon  fome  of  thefe  banks  are  more  than  30  feet  high,  and  often 
fall  down  in  pieces  of  many  tons  weight,  and  occafion  fo  fudden  and  violent  an 
agitation  of  the  water,  as  fometimes  to  link  large  boats  that  happen  to  be  near 
the  ftiore. 

+ It  is  more  than  probable,  that  the  ftraight  parts  owe  their  exiftence  to  the 
tenacity  of  the  foil  of  which  their  banks  are  compofed.  Whatever  the  caufe 
may  be,  the  effedt  very  clearly  points  out  fuch  fttuations  as  the  propereft  for 
placing  towns  in* 
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them  ; but  the  leaft  inflexion  of  courfe  has  the  effect  of  throw- 
ing the  current  againft  the  bank  ; and  if  this  happens  in  a part 
where  the  foil  is  compofed  of  loofe  fand,  it  produces  in  time  2c 
ferpentine  winding. 

It  is  evident,  that  the  repeated  additions  made  to  the  (helving 
bank  before  mentioned,  become  in  time  an  encroachment  on 
the  channel  of  the  river  ; and  this  is  again  counter-balanced  by 
the  depredations  made  on  the  oppofite  fteep  bank,  the  frag- 
ments of  which,  either  bring  about  a repetition  of  the  circum- 
ftances  above  recited,  or  form  a bank  or  (hallow  in  the  midft  of 
the  channel.  Thus  a fteep  and  a (helving  bank  are  alternately 
formed  in  the  crooked  parts  of  the  river  (the  fteep  one  being 
the  indented  fide,  and  the  (helving  one  the  projecting J ; and 
thus,  £ continual  fluctuation  of  courfe  is  induced  in  all  the 
winding  parts  of  the  river ; each  meander  having  a perpetual 
tendency  to  deviate  more  and  more  from  the  line  of  the  general 
courfe  of  the  river,  by  eating  deeper  into  the  bays,  and  at  the 
fame  time  adding  to  the  points,  till  either  the  oppofite  bays 
meet,  or  the  ftream  breaks  through  the  narrow  ifthmus,  and 
reftores  a temporary  ftraightnefs  to  the  channel. 

Several  of  the  windings  of  the  Ganges  and  its  branches  are 
faft  approaching  to  this  ftate  ; and  in  others,  it  a&ually  exifts  at 
prefent.  The  experience  of  thefe  changes  (hould  operate  againft 
attempting  canals  of  any  length,  in  the  higher  parts  of  the 
country;  and  I much  doubt,  if  any  in  the  lower  parts  would, 
long  continue  navigable.  During  eleven  years  of  my  relidence 
in  Bengal,  the  outlet  or  head  of  the  Jellinghy  River  was  gra- 
dually removed  three  quarters  of  a mile  farther  down  : and  by 
two  furveys  of  a part  of  the  adjacent  bank  of  the  Ganges, 
taken  about  the  diftance  of  nine  years  from  each  other,  it  ap- 
peared that  the  breadth  of  an  Englilh  mile  and  a half  had  been 

taken 
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taken  away.  This  is,  however,  the  moft  rapid  change  that  I 
have  noticed;  a mile  in  ten  or  twelve  years  being  the  ufuai 
rate  of  incroachment,  in  places  where  the  current  ftrikes  with 
the  greateft  force,  namely,  where  two  adjoining  reaches  ap- 
proach neareft  to  a right  angle.  In  fuch  fituations  it  not  unfre- 
quently  excavates  gulfs  * of  confiderable  length  within  the 
bank.  Thefe  gulfs  are  in  the  dire&ion  of  the  ftrongeft  parts  of 
the  ftream  ; and  are,  in  fa£t,  the  young /hoots  (if  I may  foexprefs 
myfelf)  which  in  time  ftrike  out  and  become  branches  of  the 
* river ; for  we  generally  find  them  at  thofe  turnings  that  have 
the  fmalleft  angles  t« 

Two  caufes,  widely  different  from  each  other,  occafion  the 
meandering  courfes  of  rivers ; the  one,  the  irregularity  of  the 
ground  through  which  they  run,  which  obliges  them  to 
wander  in  queft  of  a declivity  ; the  other,  the  loofenefs  of 
the  foil,  which  yields  to  the  fri&ion  of  the  border  of  the 
ftream.  The  meanders  in  the  firft  cafe,  are,  of  courfe,  as 
digreflive  and  irregular  as  the  furface  they  are  proje&ed 
on : but,  in  the  latter,  they  are  fo  far  reducible  to  rule, 
that  rivers  of  unequal  bulk  will,  under  fimilar  circumftances* 
take  a circuit  to  wind  in,  whofe  extent  is  in  proportion 
to  their  refpeftive  breadths ; for  I have  obferved,  that 

* The  Count  de  BUFFON.advifes  the  digging  of  fuch  gulfs  in  the  banks  of 
ordinary  rivers,  with  a view  to  divert  the  current,  when  bridges  or  other  build- 
ings are  endangeredby  it. 

f The  courfes  of  thefe  branches  at  the  efflux,  generally,  if  not  always,  become 
retrograde  to  the  courfe  of  the  river  : for,  a fand  bank  accumulating  at  the  upper 
pcint  of  feparation,  gives  an  oblique  dire&ion  upwards,  to  the  ftream,  which  would 
otherwife  run  out  at  right  angles.  This  fand  bank  being  always  on  the  increafe, 
occafions  acorrofion  of  the  oppofite  bank  ; and  by  this  means  all,  or  moft  of  the 
outlets  have  a progreffive  motion  downwards ; as  I have  before  remarked  of  the 
Jellinghy  River,  in  the  foregoing  page* 
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when  a branch  of  the  Ganges  is  fallen  fo  low  as  to  occupy 
only  a part  of  its  bed,  it  no  longer  continues  in  the  line  of  its 
old  courfe  ; but  works  itfelf  a new  channel,  which  winds  from 
fide  to  fide  acrofs  the  former  one.  I have  obferved  too,  that  in 
two  ftreams,  of  equal  fize,  that  which  has  the  floweft  cur- 
rent has  alfo  the  fmalleft  windings  : for  as  thefe  (in  the  prefent 
cafe)  are  folely  owing  to  the  depredations  made  on  the  banks 
by  the  force  of  the  current;  fo  the  extent  of  thefe  depreda- 
tions, or,  in  other  words,  the  dimenfions  of  the  windings,  will 
be  determined  by  the  degree  of  force  aCting  on  the  banks. 

The  windings  of  the  Ganges  in  the  plains,  are,  doubtlefs, 
owing  to  the  loofenefs  of  the  foil : and  (I  think)  the  proof  of 
it  is,  that  they  are  perpetually  changing ; which  thofe,  origi- 
nally induced  by  an  inequality  of  furface,  can  feldom,  or  never 
do 

I can  eafily  fuppofe,  that  if  the  Ganges  was  turned  into  a 
ftraight  canal,  cut  through  the  ground  it  now  traverfes  in  the 
moft  winding  parts  of  its  courfe,  its  ftraightnefs  would  be 
of  fhort  duration.  Some  yielding  part  of  the  bank,  or  that 
which  happened  to  be  the  moft  ftrongly  aCted  on,  would  firft 
be  corroded  or  diffolved  : thus  a bay  or  cavity  would  be  formed 
in  the  fide  of  the  bank.  This  begets  an  inflection  of  the  cur- 
rent, which,  falling  obliquely  on  the  fide  of  the  bay,  corrodes 
it  inceflantly.  When  the  current  has  paffed  the  innermoft 
pdrt  of  the  bay,  it  receives  a new  direction,  and  is  thrown 

* It  has  been  remarked,  that  the  courfes  of  rivers  become  more  winding  as 
they  approach  the  fea.  This,  I believe,  will  only  hold  good  in  fuch  as  take  the 
latter  part  of  their  courfe  through  a fandy  foil.  In  the  Ganges,  and  other  rivers 
fubjeft  to  confiderable  variations  in  the  bulk  of  their  ftreams,  the  belt  marks  of 
the  vicinity  of  the  fea  are,  the  lownefs  of  the  river  banks,  and  the  increafing 
anuddinefs  of  the  (hallows  in  its  bed, 
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obliquely  towards  the  oppofite  fide  of  the  canal,  depofitlng  in 
its  way  the  matter  excavated  from  the  bay,  and  which  begins 
to  form  a (hallow  or  bank  contiguous  to  the  border  of  the  canal. 
Here  then  is  the  origin  of  fuch  windings  as  owe  their  exigence 
to  the  nature  of  the  foil.  The  bay,  fo  corroded,  in  time  be- 
comes large  enough  to  give  a new  dirediion  to  the  body  of  the 
canal  : and  the  matter  excavated  from  the  bay  is  fo  difpofed  as 
to  affift  in  throwing  the  current  againft  the  oppofite  bank, 
where  a procefs,  fimilar  to  that  1 have  been  defcribing,  will  be 
begun. 

The  adlion  of  the  current  on  the  bank  will  alfo  have  the 
effedt  of  deepening  the  border  of  the  channel  near  it ; and  this 
again  increafes  the  velocity  of  the  current  in  that  part.  Thus 
would  the  canal  gradually  take  a new  form,  till  it  became  what 
the  river  now  is.  Even  when  the  windings  have  leffened  the 
defcent  one  half,  we  ftill  find  the  current  too  powerful  for  the 
banks  to  withftand  it. 

There  are  not  wranting  inftances  of  a total  change  of  courfe 
in  fome  of  the  Bengal  rivers*.  The  Cofa  River  (equal  to  the 
Rhine)  once  ran  by  Purneah,  and  joined  the  Ganges  oppofite 
Rajemal.  Its  junction  is  now  45  miles  higher  up.  Gour,  the 
ancient  capital  of  Bengal,  flood  on  thebanks  of  the  Ganges. 

Appearances  favour  very  ftrongly  the  opinion,  that  the 
Ganges  had  its  former  bed  in  the  tradt  now  occupied  by  the 
lakes  and  moraffes  between  Nattore  and  Jaffiergunge,  ftriking 
out  of  its  prefen t courfe  at  Bauleah,  and;  palling  by  Pootyah. 
With  an  equal  degree  of  probability  (favoured  by  tradition)  we 
may  trace  its  fuppofed  courfe  by  Dacca,  to  a jundfcion.  with  the* 
Burrampooter  or  Megna  near  Fringybazar ; where  the accumu- 

* The  Mootyjyl  lake  is  one  of  the  windings  of  a former  channel  of  the  Cof- 
fimbuzar  River. 
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lation  of  two  fuch  mighty  ftreams  probably  fcooped  out  the 

prefent  amazing  bed  of  the  Megna  *. 

In  tracing  the  fea  coaft  of  the  Delta,  we  find  no  lefs  than 
eight  openings  ; each  of  which,  without  hefitation,  one  pro- 
nounces to  have  been  in  its  time  the  principal  mouth  of  the 
Ganges.  Nor  is  the  occafional  deviation  of  the  principal  branch, 
probably,  the  only  caufe  of  fluctuation  in  the  dimenfions  of  the 
Delta.  One  obferves,  that  the  Deltas  of  capital  rivers  (the 
tropical  ones  particularly)  encroach  upon  the  fea.  Now,  is 
not  this  owing  to  the  mud  and  fand  brought  down  by  the  rivers*' 
and  gradually  depofited,  from  the  remoteft  ages  down  to  the 
prefent  time  ? The  rivers,  we  know,  are  loaded  with  mud  and 
fand  at  their  entrance  into  the  fea ; and  we  alfo  know,  that  the 
fea  recovers  its  tranlparency  at  the  diftance  of  twenty  leagues 
from  the  coaft ; which  can  only  arife  from  the  waters  having 
precipitated  their  earthy  particles  within  that  fpace.  The  fand 
and  mud  banks  at  this  time,  extend  twenty  miles  off  fome  of 
the  iflands  in  the  mouths  of  the  Ganges  and  Burrampooter  ; and 
in  many  places  rife  within  a few  feet  of  the  furface.  Some 
future  generation  will  probably  fee  thefe  banks  rife  above  water, 
and  fucceeding  ones  poflefs  and  cultivate  them  ! Next  to  earth- 
quakes, perhaps  the  floods  of  the  tropical  rivers  produce  the 
quickeft  alterations  in  the  face  of  our  globe.  Extenfive  iflands 
are  formed  in  the  channel  of  the  Ganges,  during  a period  far 
fhort  of  that  of  a man’s  life;  fo  that  the  whole  proeefs  lies 

* Megna  and  Burrampooter  are  names  belonging  to  the  fame  river  in  different 
parts  of  its  courfe.  The  Megna  fails' into  the  Burrampooter  ; and,  though  a much 
fmaller  river,  communicates  its  nam€>  to  the  other  during  the  reft  of  its 
Cotfffe, 
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within  the  compafs  of  his  obfervation  *.  Some  of  thefe  iflands, 
four  or  five  miles  in  extent,  are  formed  at  the  angular  turnings 
of  the  river,  and  were  originally  large  fand  banks  thrown  up 
round  the  points  (in  the  manner  before  defcribed)  but  after- 
wards infulated  by  breaches  of  the  river.  Others  are  formed 
in  the  ftraight  parts  of  the  river,  and  in  the  middle  of  the 
ftream ; and  owe  their  origin  to  fome  obftruftion  lurking  at  the 
bottom.  Whether  this  be  the  fragments  of  the  river  bank  ; a 
large  tree  fwept  down  from  it ; or  a funken  boat ; it  is  fufficient 
for  a foundation  : and  a heap  of  fand  is  quickly  colledled  below* 
it.  This  accumulates  amazingly  faft  : in  the  courfe  of  a few 
years  it  peeps  above  water,  and  having  now  ufurped  a confi- 
derable  portion  of  the  channel,  the  river  borrows  on  each  fide 
to  fupply  the  deficiency  in  its  bed ; and  in  fuch  parts  of  the 
river  we  always  find  fteep  banks  on  both  fides  f.  Each  periodi- 
cal flood  brings  an  addition  of  matter  to  this  growing  ifland ; 
increafing  it  in  height  as  well  as  extenfion,  until  its  top  is  per- 
feftly  on  a level  with  the  banks  that  include  it : and  at  that 
period  of  its  growth  it  has  mould  enough  on  it  for  the  pur- 
pofes  of  cultivation,  which  is  owing  to  the  mud  left  on  it  when' 
the  waters  fubfide,  and  is  indeed  a part  of  the  ceconomy  which 
nature  obferves  in  fertilizing  the  lands  in  general. 

Whilfl:  the  river  is  forming  new  iflands  in  one  part,  it  is 
fweeping  away  old  ones  in  other  parts.  In  the  progrefs  of  this 
deftruftive  operation,  we  have  opportunities  of  obferving,  by 
means  of  the  feftions  of  the  falling  bank,  the  regular  diftri- 

* Accordingly,  the  laws  refpefting  alluvion  are  afcertained  with  great  pre- 
fcifion. 

f This  evidently  points  out  the  means  for  preventing  encroachments  on  a 
river  bank  in  the  ftraight  parts  of  its  cpurfe,  viz , to  remove  the  ihallows  in  the 
middle  of  its  channel* 
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bution.  of  the  feveral  ftrata  of  fand  and  earths,  lying  above 
one  another  in  the  order  in  which  they  decreafe  in  gravity.  As 
they  can  only  owe  this  difpoiition  to  the  agency  of  the  ftream. 
that  depofited  them,  it  would  appear,  that  thefe  fubftances  are 
fufpended  at  different  heights  in  the  ftream,  according  to  their 
refpective  gravities.  We  never  find  a ftratum  of  earth  under 
one  of  fand  ; for  the  muddy  particles  float  neareft  the  furface 
I have  counted  feven  diftiinft  ftrata  in  a fe&ion  of  one  of  thele 
ifiands.  Indeed,  not  only  the  iflands,  but  moft  of  the  river 
banks  wear  the  fame  appearance : for  as  the  river  is  always 
changing  its  .prefent  bed,  and  verging  towards  the  fite  of  fome 
former  one  now  obliterated,  this  muft  neceflariiy  be  the  cafe. 

As  a ftrong  prefumptive  proof  of  the  wandering  of  the 
Ganges  from  the  one  fide  of  the  Delta  to  the  other,  I muft  of- 
fer ve,  that  there  is  no  appearance  of  virgin  earth  between  the 
Tiperah  Hills  on  the  eaft,  and  the  province  of  Burdwan  on  the 
weft;  nor  on  the  north  till  we  arrive  at  Dacca  and  Bauleah. 
In  all  the  fedtions  of  the  numerous  creeks  and  rivers  in  the 
Delta,  nothing  appears  but  fand  and  black  mould  in  regular 
ftrata,  till  we  arrive  at  the  clay  that  forms  the  lower  part  of 
their  beds.  There  is  not  any  fubftance  fo  coarfe  as  gravel 
either  in  the  Delta  or  nearer  the  fea  than  400  miles  +,  where  a 
rocky  point,  a part  of  the  bafe  of  the  neighbouring  hills,  pro- 
jects into  the  river : but  out  of  the  vicinity  of  the  great  rivers 
the  foil  is  either  red,  yellow,  or  of  a deep  brown. 

* A glafs  of  water  taken  out  of  the  Ganges,  when  at  its  height,  yields  about 
«one  part  in  four  of  mud.  No  wonder  then  that  the  fubliding  waters  fhould 
.quickly  form  a ftratum  of  earth  ; or  that  the  Delta  ftiould  encroach  upon  the 
feaJ 
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I come  now  to  the  particulars  of  the  annual  fwelling  and 
overflowing  of  the  Ganges 

It  appears  to  owe  its  increafe  as  much  to  the  rain  water  that 
falls  in  the  mountains  contiguous  to  its  fource,  and  to  the 
fources  of  the  great  northern  rivers  that  fall  into  it,  as  to  that 
which  falls  in  the  plains  of  Hindooftan  ; for  it  rifes  fifteen  feet 
and  a half  out  of  thirty-two  (the  fum  total  of  its  rifing)  by  the 
latter  end  of  June  : and  it  is  well  known,  that  the  rainy  feafon 
does  not  begin  in  moft  of  the  flat  countries  till  about  that  time. 
In  the  mountains  it  begins  early  in  + April ; and  by  the  latter 
end  of  that  month,  when  the  rain-water  has  reached  Bengal, 
the  rivers  begin  to  rife,  but  by  very  flow  degrees  ; for  the  in- 
creafe is  only  about  an  inch  per  day  for  the  firft  fortnight.  It 
then  gradually  augments  to  two  and  three  inches  before  any 

* An  opinion  has  long  prevailed,^  that  the  fwelling  of  the  Ganges,  previous  to 
the  commencement  of  the  rainy  feafon  in  the  flat  countries,  is  in  a great  meafure 
owing  to  the  melting  of  the  fnow  in  the  mountains.  I will  not  gofo  far  as  totally 
to  difallow  the  fa£t;  but  can  by  no  means  fuppofe,  that  the  quantity  of  fnow 
water  bears  any  proportion  to  the  increafe  of  the  river. 

f The  vaft  colle&ion  of  vapours,  wafted  from  the  fea  by  the  foutherly  or 
fouth-weft  monfoon,  are  fuddenly  flopped  by  the  lofty  ridge  of  mountains  that  runs 
from  eaft  to  weft  through  Thibet.  It  is  obvious,  that  the  accumulation  and  con* 
denfation  of  thefe  vapours,  rnuft  firft  happen  in  the  neighbourhood  of  the  obftacie  ; 
and  fucceflively  in  places  more  remote,  as  frefti  fupplies  arrive  to  fill  the  atmo- 
fphere.  Hence  the  priority  of  commencement  of  the  rainy  feafon  in  places  thatr 
lie  neareft  the  mountains. 

All  the  rivers  that  are  fituated  within  the  limits  of  the  monfoons,  or  drifting 
trade  winds,  are  fubjeft  to  overflowings  at  annually  ftated  periods,  like  the 
Ganges:  and  thefe  periods  return  during  the  feafon  of  the  foutherly  wind,  that 
being  the  only  wind  which  brings  vapours  from  the  fea ; and  this  being  periodical, . 
the  falls  of  rain  muft  necefiarily  be  fo  too. 

The  northerly  wind,  which  blows  only  over  the  land,  is  dry ; for  no  rain 
(except  cafual  fhowers)  falls  during  the  continuance  of  that" monfoon. 
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quantity  of  rain  falls  in  the  flat  countries  ; and  when  the  rain 
becomes  general,  the  increafe  on  a medium  is  five  inches  per 
day.  By  the  latter  end  of  July  all  the  lower  parts  of  Bengal, 
contiguous  to  the  Ganges  and  Burrampooter,  are  overflowed, 
and  form  an  inundation  of  more  than  a hundred  miles  in  width ; 
nothing  appearing  but  villages  and  trees,  excepting  very  rarely 
the  top  of  an  elevated  fpot  (the  artificial  mound  of  fome  de- 
ferted  village)  appearing  like  an  ifland. 

The  inundations  in  Bengal  differ  from  thofe  in  Egypt  in  this 
particular,  that  the  Nile  owes  its  floods  entirely  to  the  rain- 
water that  falls  in  the  mountains  near  its  fource  ; but  the  inun- 
dations in  Bengal  are  as  much  occafioned  by  the  rain  that  falls 
there,  as  by  the  waters  of  the  Ganges  ; and  as  a proof  of  it,  the 
lands  in  general  are  overflowed  to  a confiderable  height  long 
before  the  bed  of  the  river  is  filled.  It  muft  be  remarked,  that 
the  ground  adjacent  to  the  river  bank,  to  the  extent  of  fome 
miles,  is  confiderably  higher  than  the  reft  of  the  country*, 
and  ferves  to  feparate  the  waters  of  the  inundation  from  thofe 
of  the  river  until  it  overflows.  This  high  ground  is  in  fome 
feafons  covered  a foot  or  more  ; but  the  height  of  the  inunda- 
tion within,  varies,  of  courfe,  according  to  the  irregularities  of 
the  ground,  and  is  in  fome  places  twelve  feet. 

Even  when  the  inundation  becomes  general,  the  river  ftill 
ftiews  itfelf,  as  Well  by  the  grafs  and  reeds  on  its  banks,  as  by 
its  rapid  and  muddy  ftream ; for  the  water  of  the  inundation 
acquires  a blackiih  hue,  by  having  been  fo  long  ftagnant 

* This  property  of  the  bank  is  well  accounted  for  by  Count  buffon,  who 
imputes  it  to  the  precipitation  of  mud  made  by  the  waters  of  the  river,  when  it 
overflows.  The  inundation,  fays  he,  purifies  itfelf  as  it  flows  over  the  plain  ; fo 
►that  the  precipitation  muft  be  greatcft  on  the  parts  neareft  to  the  margin  of  the 
driver. 
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'amongft  grafs  and  other  vegetables : nor  does  it  ever  lofe  this 
tinge,  which  is  a proof  of  the  predominancy  of  the  rain  water 
over  that  of  the  river ; as  the  flow  rate  of  motion  of  the  inun- 
dation (which  does  not  exceed  half  a mile'^r  hour)  is  of  the 
remarkable  flatnefs  of  the  country. 

There  are  particular  trails  of  land,  which,  from  the  nature 
of  their  culture,  and  fpecies  of  productions,  require  lefs  moif- 
ture  than  others ; and  yet,  by  the  lownefs  of  their  fituation, 
would  remain  too  long  inundated,  were  they  not  guarded  by 
dikes  or  dams,  from  fo  copious  an  inundation  as  would  other- 
wife  happen  from  the  great  elevation  of  the  furface  of  the  river 
above  them.  Thefe  dikes  are  kept  up  at  an  enormous  expence  ; 
and  yet  do  not  always  fucceed,  for  want  of  tenacity  in  the  foil 
of  which  they  are  compofed. 

During  the  fwoln  ftate  of  the  river,  the  tide  totally  iofes  its 
effect  of  counteracting  the  ftream  ; and  in  a great  meafure  that 
of  ebbing  and  flowing,  except  very  near  the  fea.  It  is  not  un- 
common for  a ftrong  wind,  that  blows  up  the  river  for  any  con- 
tinuance, to  fwell  the  waters  two  feet  above  the  ordinary  level 
at  that  feafon  : and  fuch  accidents  have  occasioned  the  lofs  of 
whole  crops  of  rice*.  A very  tragical  event  happened  at 
Luckipour  f in  1763,  by  a ftrong  gale  of  wind  confpiring  with 
a high  fpring  tide,  at  a feafon  when  the  periodical  flood  was 
within  a foot  and  half  of  its  higheft  pitch.  It  is  faid  that  the 
waters  rofe  fix  feet  above  the  ordinary  level.  Certain  it  is,  that 

* The  rice  I fpeak  of  is.  of  a particular  kind  ; for  the  growth  of  its  flalk 
keeps  pace  with  the  increafe  of  the  flood  at  ordinary  times,  but  is  deftroyed  by  a 
too  fudden  rife  of  the  water.  The  harvefl:  is  often  reaped  in  boats.  There  is  alfo 
a kind  of  grafs  which  overtops  the  flood  in  the  fame  manner,  and  at  a fmall 
difiance  has  the  appearance  of  a field  of  the  richefi  verdure. 

t This  place  is  fituated  about  fifty  miles  from  the  fea. 
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the  inhabitants  of  a confiderable  diftridl,  with  their  houfes  and 
cattle,  were  totally  fwept  away ; and,  to  aggravate  their  dif- 
trefs,  it  happened  in  a part  of  the  country  which  fcarce  pro- 
duces a Angle  tree  for  a drowning  man  to  efcape  to. 

Embarkations  of  every  kind  traverfe  the  inundation  : thofe 
bound  upwards,  availing  themfelves  of  a diredt  courfe  and  ftill 
water,  at  a feafon  when  every  ftream  rulhes  like  a torrent.  The 
wind  too,  which  at  this  feafon  blows  regularly  from  the  fouth- 
eaft  *,  favours  their  progrefs ; infomuch,  that  a voyage,  which 
takes  up  nine  or  ten  days  by  the  courfe  of  the  river  when  con- 
fined within  its  banks,  is  now  effedted  in  fix.  Hufbandry  and 
grazing  are  both  fufpended ; and  the  peafant  traverfes  in  his 
boat,  thofe  fields  which  in  another  feafon  he  was  wont  to 
plow ; happy  that  the  elevated  fite  of  the  river  banks  place 
the  herbage  they  contain,  within  his  reach,  otherwife  his  cattle 
mu  ft  perifli. 

The  following  is  a table  of  the  gradual  increafe  of  the 
Ganges  and  its  branches,  according  to  obfervations  made  at 
Jellinghy  and  Dacca. 
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At  Jellinghy.  At  Dacca. 


InMayitrofe 

Ft.  In. 
6 o 

Ft.  In. 
2 4 

June 

9 6 

4 6 

July 

12  6 

5 & 

In  the  firfi:  half  of  Augufi 

4 o 

1 1 1 

♦ 

32  0 

14  3 

> 


* Although  in  the  gulf  or  bay  of  Bengal  the  monfoon  blows  from  the  S.S.W. 
and  S.W.  yet  in  the  eaftern  and  northern  parts  of  Bengal  it  blows  from  the  S.E. 
or  E.S.E. 
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Thefe  obfervations  were  made  in  a feafon,  when  the  waters 
rofe  rather  higher  than  ufual ; fo  that  we  may  take  3 1 feet  for 
the  medium  of  the  increafe. 

The  inundation  is  nearly  at  a ftand  for  lb  me  days  preceding 
the  middle  of  Auguft,  when  it  begins  to  run  off;  for  although 
great  quantities  of  rain  fall  in  the  flat  countries,  during  Auguft 
and  September,  yet,  by  a partial  ceflation  of  the  rains  in  the 
mountains,  there  happens  a deficiency  in  the  fupplies  neceflary 
to  keep  up  the  inundation  The  quantity  of  the  daily  de- 
creafe  of  the  river  is  nearly  in  the  following  proportion : 
during  the  latter  half  of  Auguft,  and  all  September,  from 
three  to  four  inches ; from  September  to  the  end  of  November* 
it  gradually  leffens  from  three  inches  to  an  inch  and  a half; 
and  from  November  to  the  latter  end  of  April,  it  is  only  half 
an  inch  per  day  at  a medium.  Thefe  proportions  muft  be  un- 
derftood  to  relate  to  fuch  parts  of  the  river  as  are  removed 
from  the  influence  of  the  tides ; of  which  more  will  be  faid 
by  and  by.  The  decreafe  of  the  inundation  does  not  always 
keep  pace  with  that  of  the  river,  by  reafbn  of  the  height  of 
the  banks  ; but  after  the  beginning  of  October,  when  the  rain 
has  nearly  ceafed,  the  remainder  of  the  inundation  goes  oft 
quickly  by  evaporation,  leaving  the  lands  highly  manured,  and 
in  a ftate  fit  to  receive  the  feed,  after  the  Ample  operation  of 
plowing. 

There  is  a circumftance  attending  the  increafe  of  the  Ganges, 
and  which,  I believe,  is  little  known  of  attended  to ; becaufe 
few  people  have  made  experiments  on  the  heights  to  which  the 

* I have  ftated  the  middle  of  Auguft  for  the  period  when  the  waters  begin  to 
run  off;  and  in  general  it  happens  with  more  regularity  than  the  viciflitudes  of  the 
ieafons  do.  But  there  are  exceptions  to  it ; for  in  the  year  1774  the  rivers  kept 
*ip  for  near  a month  after  the  ufual  time. 
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periodical  flood  rifes  in  different  places.  The  circumftance  I 
allude  to,  is,  the  difference  of  the  quantity  of  the  increafe  (as 
expreffed  in  the  foregoing  table)  in  places  more  or  lefs  remote 
from  the  fea.  It  is  a fa 61,  confirmed  by  repeated  experiments, 
that  from  about  the  place  where  the  tide  commences,  to  the  fea, 
the  height  of  the  periodical  increafe  diminifhes  gradually,  until 
it  totally  difappears  at  the  point  of  confluence.  Indeed,  this  is 
perfectly  conformable  to  the  known  laws  of  fluids  : the  Ocean 
preferves  the  fame  level  at  all  feafons  (under  fimilar  circum- 
ftances  of  tide)  and  neceffarily  influences  the  level  of  all  the 
waters  that  communicate  with  it,  unlefs  precipitated  in  the  form 
of  a catarafh  Could  we  fuppofe,  for  a moment,  that  the  in- 
creafed  column  of  water,  of  31  feet  perpendicular,  was  conti- 
nued all  the  way  to  the  fea,  by  fome  preternatural  agency : 
whenever  that  agency  was  removed,  the  head  of  the  column 
would  diffufe  itfelf  over  the  Ocean,  and  the  remaining  parts 
would  follow,  from  as  far  back  as  the  influence  of  the  Ocean 
extended  ; forming  a dope,  whofe  perpendicular  height  would 
be  31  feet.  This  is  the  precife  ftate  in  which  we  find  it.  At 
the  point  of  jundlion  with  the  fea,  the  height  is  the  fame  in 
both  feafons  at  equal  times  of  the  tide.  At  Luckipour  there 
is  a difference  of  about  fix  feet  between  the  heights  in  the  dif- 
ferent feafons ; at  Dacca,  and  places  adjacent,  14;  and  near 
Cuftee,  31  feet.  Here  then  is  a regular  dope ; for  the  diftances 
between  the  places  bear  a proportion  to  the  refpeftive  heights* 
This  dope  mud:  add  to  the  rapidity  of  the  dream ; for,  fup- 
pofing  the  defcent  to  have  been  originally  four  inches  per  mile, 
this  will  increafe  it  to  about  five  and  an  half.  Cuftee  is  about 
240  miles  from  the  fea,  by  the  courfe  of  the  river ; and  the 
furface  of  the  river  there,  during  the  dry  feafon,  is  about  So 

feet 
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feet  above  the  level  of  the  fea  at  high  water*.  Thus  far  does 
the  Ocean  manifeft  its  dominion  in  both  feafons  : in  the  one  by 
the  ebbing  and  flowing  of  its  tides ; and  in  the  other  by  de- 
prefling the  periodical  flood,  till  the  furface  of  it  coincides  as 
nearly  with  its  own,  as  the  defcent  of  the  channel  of  the  river 
will  admit  f . 

Similar  circumftances  take  place  in  the  Jellinghy,  Hoogly, 
and  Burrampooter  Rivers;  and,  I fuppofe,  in  all  others  that 
are  fubjedt  either  to  periodical  or  occafional  fwellings. 

Not  only  does  the  flood' diminifh  near  the  fea,  but  the  river 
banks  diminifh  in  the  fame  proportion ; fo  that  in  the  dry  fea- 
foil  the  height  of  the  periodical  flood  may  be  known  by  that, 
of  the  bank. 

I am  aware  of  an  objection  that  may  be  made  to  the  above 
folution  ; which  is,  that  the  lownefs  of  the  banks  in  places 
near  the  fea,  is  the  true  realon  why  the  floods  do  not  attain  fo 
conflderable  a height,  as  in  places  farther  removed  from  it,  and 
where  the  banks  are  high;  for  that  the  river,  wanting  a bank 
to  confine  it,  diffufes  itfelf  over  the  furface  of  the  country.  In 

* The  tides  in  the  River  Amazons  are  perceptible  at  600  miles  above  its 
mouth  ; but  at  an  elevation  of  only  90  feet,  according  to  M.  de  condamine.  It 
e mains  to  be  told  what  the  fla te  of  the  river  was  at  the  time  of  making  the 
experiment ; becaufe  the  land-floods  have  the  effect  of  fliorfcening  the  limits  of  the 

tide’s  way. 

f The  Count  de  buffon  has  {lightly  mentioned  this,  circumflance  attending 
thefwelling  of  rivers;  but  imputes  it  to  the  increafed  velocity  of  the  current,  as 
the  river  approaches  the  fea  : which,  fays  he,  carries  off  the  inundation  fo 
quick,  as  to  abate  its  height.  Now  (with  the  utmoft  deference  to  fo  great  an 
authority)  I could  toever  perceive,  that  the  current,  either  in  the  Ganges^  or  any 
other  river,  was  ftronger  near  the  fea  than  at  a diftance  from  it..  Even  if  we 
admit  an  acceleration  of,  the  current  during  the  ebb  tide,  the  flux  retards  it  in  fo 
conflderable  a degree, , as  at  leaA  to  counterbalam?  the  effects  produced  by  the 
temporary  increafe  of  velocity. 
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anfwer  to  this,  I fhalhobferve,  that  it  is  proved  by  experiment,  I 
that  at  any  given  time,  the  quantity  of  the  increafe  in  different 
places,  bears  a juft  proportion  to  the  fum  total  of  the  increafe 
in  each  place  refpedlively : or,  in  other  words,  that  when  the 
river  has  rifen  three  feet  at  Dacca,  where  the  whole  rifing  is  j 
about  14  feet  ; it  will  have  rofe  upwards  of  fix  feet  and  a 
half  at  Cuftee,  where  it  rifes  31  feet  in  all. 

The  quantity  of  water  difcharged  by  the  Ganges,  in  one 
fecond  of  time,  during  the  dry  feafon,  is  80,000  cubic  feet ; 
but  in  the  place  where  the  experiment  was  made,  the  river, 
when  full,  has  thrice  the  volume  of  water  in  it ; and  its  mo- 
tion is  alfo  accelerated  in  the  proportion  of  5 to  3 : fo  that  the 
quantity  difcharged  in  a fecond  at  that  feafon  is  405,000  cubic  | 
feet.  If  we  take  the  medium  the  whole  year  through,  it  will 
he  nearly  180,000  cubic  feet  in  a fecond. 

. 

THE  Burrampooter,  which  has  its  fource  from  the  oppofite 
fide  of  the  fame  mountains  that  give  rife  to  the  Ganges,  firft  : 
takes  its  courfe  eaftward  (or  diredtly  oppofite  to  that  of  the  1 
Ganges)  through  the  country  of  Thibet,  where  it  is  named  | 
Sanpoo  or  Zanciu,  which  bears  the  fame  interpretation  as  the  : 
Gonga  of  Hindooftan  : namely,  the  River.  The  courfe  of  it 
through  Thibet,  as  given  by  Father  du  halde,  and  formed 
into  a map  by  Mr.  d’anville,  though  fufficiently  exadt  for 
the  purpofes  of  general  geography,  is  not  particular  enough  to 
afcertain  the  precife  length  of  its  courfe.  After  winding  with 
a rapid  current  through  Thibet,  it  wafhes  the  border  of  the  ter- 
ritory of  Lafla  (in  which  is  the  refidence  of  the  grand  Lama) 
and  then  deviating  from  an  eaft  to  a fouth-eaft  courfe,  it  ap- 
proaches within  2zo  miles  of  Yunan,  the  wefternmoft  province 
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of  China.  Here  it  appears,  as  if  undetermined  whether  to 
attempt  a paffage  to  the  fea  by  the  Gulf  of  Siam,  or  by  that  of 
Bengal ; but  feemingly  determining  on  the  latter,  it  turns  fud- 
denly  to  the  weft  through  Affam,  and  enters  Bengal  on  the 
north-eaft.  I have  not  been  able  to  learn  the  exa dc  place  where 
it  changes  its  name ; but  as  the  people  of  Afiam  call  it  Bur- 
rampoot,  it  would  appear,  that  it  takes  this  name  on  its  enter- 
ing Aliam*  After  its  entry  into  Bengal,  it  makes  a circuit 
round  the  weftern  point  of  the  G arrow  Mountains  ; and  then,, 
altering  its  courfe  to  fouth,  it  meets  the  Ganges  about  40  miles 
from  the  fea. 

Father  du  halde  expreffes  his  doubts  concerning  the  courfe 
that  the  Sanpoo  takes  after  leaving  Thibet,  and  only  fuppofes 
generally  that  it  falls  into  the  gulf  of  Bengal.  M.  d’anville,, 
his  geographer,  with  great  reafon  fuppofed  the  Sanpoo  and 
Ava  River  to  be  the  fame : and  in  this  he  was  juftified  by  the 
information  which  his  materials  afforded  him  : for  the  Burram- 
pooter was  reprefented  to  ht^n,  as  one  of  the  inferior  ftreams 
that  contributed  its  waters  the  Ganges,  and  not  as  its  equal 
or  fuperior  ; and  this  was  sufficient  to  diredt  his  refear ches,  after 
the  mouth  of  the  Sanpoo  River,  to  feme  other  quarter.  The 
Ava  River,  as  well  from  its  bulk,  as  the  bent  of  its  courfe  for 
fome  hundred  miles  above  its  mouth,  appeared  to  him. to  be  a 
continuation  of  the  river  in  queftion  : and  it  was  -^ccpr^ngly 
defcribed  as  fuch  in  his  maps,  the  authority  of  which  was 
juftly  efteemed  as  decifive  and,  till  the. year  1 7*6 5 the  Bur- 
rampooter, as  a capital  river,  was  •uirknown  ijx  Europe 

On  tracing  this  river  in  17651, 1 was  110  lefs  furprizedj  at.  find- 
ing it  rather  larger  than  the  Ganges,  than  at  its  courfe  previous 
to  its  entering  Bengal.  This  I found  to  be  from  the  eaft;, 
although  all  the  former  accounts  represented  It ‘as1  from  the 

north  n 
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north  : and  this  unexpected  difcovery  foon  led  to  enquiries, 
which  furnifhed  me  with  an  account  of  its  general  courfe  to 
within  roo  miles  of  the  place  where  du  halde  left  the  San- 
poo. I could  no  longer  doubt,  that  the  Burrampooter  and 
Sanpoo  were  one  and  the  fame  river  : and  to  this  was  added  the 
pofitive  alfurances  of  the  Aflamers,  “ That  their  river  came 
, C6  from  the  north-weft,  through  the  Bootan  mountains.”  And 
to  place  it  beyond  a doubt,  that  the  Sanpoo  River  is  not  the  fame 
with  the  river  of  Ava,  but  that  this  laft  is  the  great  Nou  Kian 
of  Yunan ; I have  in  my  pofleffion  a manufcript  draught  of  the 
Ava  River,  to  within  1 50  miles  of  the  place  where  du  halde 
leaves  the  Nou  Kian,  in  its  courfe  towards  Ava  ; together  with 
very  authentic  information  that  this  river  (named  Irabattey  by 
the  people  of  Ava)  is  navigable  from  the  city  of  Ava  into  the 
province  of  Yunan  in  China 

The  Burrampooter,  during  a courfe  of  400  miles  through 
Bengal,  bears  fo  intimate  a refemblance  to  the  Ganges,  except 
in  one  particular,  that  one  defcription  may  ferve  for  both.  The 
exception  I mean  is,  that,  during  the  laft  60  miles  before  its 
junction  with  the  Ganges,  it  forms  a ftream  which  is  regularly 
from  four  to  five  miles  wide,  and  but  for  its  freflmefs  might 
pafs  for  an  arm  of  the  fea.  Common  defcription  fails  in  an  1 
attempt  to  convey  an  adequate  idea  of  the  grandeur  of  this 
magnificent  objeCt ; for, 

— — - Scarce  the  mufe 
Dares  ftretch  her  wing  o’er  this  enormous  mafs 
Of  rufhing  water  ; to  whofe  dread  expanfe, 

Continuous  depth,  and  wond’rous  length  of  courfe, 

* The  courfes  of  the  Burrampooter  and  Ganges,  as  well  as  that  of  the  Ava 
River  from  Yunan  to  the  fea,  will  ihortly  be  defcribed  in  a large  lheet  map  of 
HindooRan. 


Our 
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Our  floods  are  rills  — — — 

Thus  pouring  on,  it  proudly  feeks  the  deep,  ' 

Whofe  vanquiflfd  tide,  recoiling  from  the  fhock. 

Yields  to  this  liquid  weight  — ~~ 

Thomson's  Seafons, 

1 have  already  endeavoured  to  account  for  the  Angular  breadth 
of  the  Megna,  by  fuppofing  that  the  Ganges  once  joined  it 
where  the  Iflam  u tty  now  does ; and  that  their  joint  waters 
fcooped  out  its  prefent  bed*  The  prefent  junction  of  thefe  two 
mighty  rivers  below  Luckipour,  produces  a body  of  running 
frefh  water,  hardly  to  be  equalled  in  the  old  hemifphere,  and, 
perhaps,  not  exceeded  in  the  new.  It  now  forms  a gulf  inter- 
fperfed  with  iflands,  fome  of  which  rival,  in  fize  and  fertility, 
our  Me  of  Wight.  The  water  at  ordinary  times  is  hardly 
brackifh  at  the  extremities  of  thefe  iflands ; and,  in  the  rainy 
feafon,  the  fea  (or  at  leaf!  the  furface  of  it)  is  perfeftly  freili  to 
•the  diftance  of  many  leagues  out. 

The  Bore  (which  is  known  to  be  a fudden  and  abrupt  influx 
of  the  tide  into  a river  or  narrow  ftrait)  prevails  in  the  principal 
branches  of  the  Ganges,  and  in  the  Megna;  but  the  Hoogly 
River,  and  the  paffages  between  the  iflands  and  fands  fituated  in 
the  gulf,  formed  by  the  confluence  of  the  Ganges  and  Megna* 
are  more  fubjedt  to  it  than  the  other  rivers.  This  may  be 
owing  partly,  to  their  having  greater  embouchures  in  proportion 
to  their  channels,  than  the  others  have,  by  which  means  a 
larger  proportion  of  tide  is  forced  through  a paffage  compara- 
tively fmaller ; and  partly,  to  there  being  no  capital  openings  near 
them,  to  draw  off  any  confiderable  portion  of  the  accumulating 
tide.  In  the  Hoogly  or  Calcutta  River,  the  Bore  commences  at 
Hoogly  Point  (the  place  where  the  river  firft  contracts  itfelf) 
Vol.  LXXlo  and 
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and  is  perceptible  above  Hoogly  Town ; and  fo  quick  is  its 
motion,  that  it  hardly  employs  four  hours  in  travelling  from 
one  to  the  other,  although  the  diftance  is  near  70  miles.  At 
Calcutta,  it  fometimes  occafions  an  inftantaneous  rife  of  five 
feet : and  both  here,  and  in  every  other  part  of  its  track,  the  1 
boats,  on  its  approach,  immediately  quit  the  fhore,  and  make 
for  fafety  to  the  middle  of  the  river. 

In  the  channels,  between  the  iflands  in  the  mouth  of  the 
Megna,  &c.  the  height  of  the  Bore  is  faid  to  exceed  twelve  feet ; j 
and  is  fo  terrific  in  its  appearance,  and  dangerous  in  its  confe- 
quences,  that  no  boat  will  venture  to  pafs  at  fpring  tide.  After  j 
the  tide  is  fairly  paft  the  iflands,  no  veftige  of  a Bore  is  feen, 
which  may  be  owing  to  the  great  width  of  the  Megna,  in  com- 
parifon  with  the  paffages  between  the  iflands ; but  the  effeds 
of  it  are  vifible,  enough  by  the  fudden  rifing  of  the  tides. 
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A A.  Steep  Banks  corroded  by  Che  Current,  the  fragments 
of  which  are  depojited.and  term  the  Banks  B.B, 
C . si  Sand  Bank  accumulating  to  an  [/land. This  once 
Joind  to  D.  till  insulated  by  a Breach  of  the  River. 
E.  An  Island  formed  fc  inhabited.  This  also  was  a Sand 
Rank  thrown  up  round  die  Point  F. 

G.  An  Ifland  accumulating  iti  the  midjlofthe  Channel . 

H.  The  line  of  the Jirongeft  Current. 


Pubna 


.Miles. 


Sujanagur 


1 ^ A Gulf  occasioned  by  the  force  of  the  (hr rent  t 
from  die  oppofite  side  striking  against  the  Banff 
die  origin  of  a future  Branch  Jir  iking  out  from 
die  Ganges . In  a Course  of  time,  the  first  Reach 
becomes  Retrograde  to  the  Course  oC  the  River. 

( See  Mote  page gji  as  at  K&:  L . 


Level  doping  the  height  of  the  Wet  Seafon . 


300  Yards. 


jcvcl  in  the  dryeft  part  of  the  Year. 


PLAN  of  part  of  the  Course  of  the  CrAN  GE  8 , to  explain  the  nature  of  the  strep  and  shelving  Ban  Us,  fi'r. 


SECTION  of  a Branch  of  the  IrA  JNTG  E S , as  a farfbrr  r.vp/a  nation  of  rhe  f rep  and  ft/ ch/ing  Bvn/cs. 

.'MB.  This  is  e.raetly Jimifetr  to  rhe  Section  op  the  winding  parts  tgthr  (rouges  itpip,  except  in  the  article  tgioidth. 
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X.  Agronomical  Obfervations  on  the  Rotation  of  the  Planets 
round  their  Axes , made  with  a View  to  determine  whether  the 
Earth's  diurnal  Motion  is  perfectly  equable.  In  a Letter  from 
Mr,  William  Herfchel  of  Bath  to  William  Watfon,  M,  ZX 
E R,  S, 

Read  January  xi,  1781. 

SIR,  Bath,  O&ober  18,  T780. 

THE  various  motions  of  the  planet  we  inhabit ; the  an- 
nual revolution  in  its  orbit ; the  diurnal  rotation  round 
its  axis ; the  menftrual  motion  round  the  common  center  of 
gravity  of  the  moon  and  earth ; the  preceffion  of  the  equi- 
noftial  points  * the  diminution  of  the  obliquity  of  the  ecliptic  ; 
the  nutation  of  the  earth’s  axis : in  ftiort,  every  one  of  the 
motions  that  arife  from  the  adtions  of  the  fun,  moon,  and 
planets,  combined  with  the  fpheroidical  figure  of  the  earth, 
and  the  projeftile  and  rotatory  motions  firft  imprefled  upon  it, 
have  all  been  confidered  by  aftronomers,  and  their  real  and 
apparent  inequalities  inveftigated.  And  to  the  great  honour  of 
modem  aftronomers  it  mu  ft  be  confeffed,  that  no  fcience  has 
ever  made  fuch  confiderable  ftrides  towards  perfe&ion  in  fo 
Ihort  a time  as  aftronomy  has  done  fince  the  invention  of  the 
telefcope. 

There  is  one  of  the  motions  of  the  earth  however  which, 
it  feerns,  has  hitherto  efcaped  the  fcrutiny  of  obfervers ; I 
mean  the  diurnal  rotation  round  its  axis.  The  principal  reafon 
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why  this  has  not  been  looked  into,  is  probably  the  difficulty 
of  finding  a proper  ftandard  to  meafure  it  by ; fince  it  is  itfelf 
ufed  as  the  ftandard  by  which  we  meafure  all  the  other  moticns.- 
We  have,  indeed,  no  caufe  to  fofpeft  any  very  material  perio- 
dical irregularity,  either  diurnal,'  menftrual,  or  annual ; for 
the  great  perfection  of  our  prefent  time-pieces  would  have  dis- 
covered any  confiderable  deviation  from  that  equability  which  i 
we  have  hitherto  afcribed  to  the  diurnal  motion  of  the  earth. 
And  yet,  it  is  not  perhaps  altogether  impoflible  but  that  : 
inequalities  may  exift  in  this  motion  which,  in  an  age  where  ; 
obfervations  are  carried  to  fuch  a degree  of  refinement,  may 
be  of  fome  confequence. 

To  ftiew  how  far  time-keepers,  though  ever  fo  perfeCl,  are* 
from  being  a proper,  or  at  leaf!  a fufficient,  ftandard  to  exa-  • 
mine  the  diurnal  motion  of  the  earth  by,  I may  afk,  whether 
it  is  probable,  that  any  clock  would  have  difcovered  to  us  the 
aberration  of  the  fixed  ftars  ? And  yet  that  aberration  produces 
a change  in  longitude,  and  of  confequence  in  right  afcenfion,. 
which  caufes  an  annual  irregularity  in  a ftar’s  coming  to  the 
meridian,  which  a time-piece,  were  it  a fufficient  ftandard,  j 
would  foon  have  difcovered,  and  which  we  might  have  attri- 
buted to  an  inequality  of  the  earth’s  diurnal  motion,  had  we 
not  been  acquainted  with  its  real  caufe.  And  if  we  were  to 
find  out  any  apparent  irregularity,  acceleration,  or  retardation, 
fhould  we  not  much  rather  fufpeft  the  clock  than  the  diurnal 
motion  ? I may  therefore  venture  to  fay,  that  the  aberration  oft 
the  fixed  ftars,-  though  attended  with  the  above  mentioned  con- 
fequence, would  for  ever  have  remained  a fecret  to  us,  if  it 
had  not  been  found  out  by  other  methods  than  time-keepers* 

Now,  if  time-pieces  do  fail  us  in  this  critical  cafe,  where 
we  ftand  in  the  greateft  need  of  their  affiftance,  it  is  almoft  in 


vain 


on  the  Rotation  of  the  Planets , &c.  1 1 7 

vain  to  expert  any  help  from  another  quarter  ; for  what  mecha- 
nical movement  on  earth,  or  motion  of  the  heavens,  is  there 
that  can  meafure  out  fuch  equal  portions  of  time  as  we  require  to 
compare  the  diurnal  motion  of  the  earth  to  ? However,  to  pro- 
ceed, Cnee  we  have  already  great  proofs  that  the  diurnal  motion 
of  the  earth  is,  if  not  perfectly  equable,  at  leaft  more  fo  than 
any  other  motion  we  are  acquainted  with,  it  will  not  appear 
abfurd  to  fuppofe  the  diurnal  rotation  of  the  other  planets  to 
be  fo  likewife..  This  fuggefted  to  me  the  thoughts  of  efti- 
mating  the  diurnal  motion  of  one  planet  very  exactly  by  that 
of  another,  making  each  the  ftandard  of  the  other.  In  this 
manner  we  may  obtain  a comparative  view,  by  which  future 
aftronomers,  if  they  {hall  hereafter  be  inclined  to  purfue  the 
fubjedt,  may  be  enabled  to  make  fome  eftimate  of  the  general 
equability  of  the  rotatory  motions  of  the  planets.  For  if  in 
length  of  time  they  fhould  perceive  fome  fmali  retardation  in 
the  diurnal  motion  of  a planet  occaConed  by  fome  refinance  of 
a very  fubtle  medium  in  which  the  heavenly  bodies  perhaps 
move;  or,  on  the  other  hand,  if  there  fhould  be  found  an 
acceleration  from  fome  caufe  or  other,  they  might  then  aferibe 
the  alteration  either  to  the  diurnal  motion  of  the  earth,  or  to 
the  gyration  of  the  other  planet,  according  as  circumftances, 
or  obferved  phenomena,  fhould  make  one  or  the  other  of  thefe 
©pinions  moft  probable*. 

Now,  this  method  of  comparing  together  different  rotations 
of  feveral  planets,  f mple  as  it  may  appear,  was  not  without 
fome  difficulties.  In  the  Crft  place  it  was  evident,  that  the 
common  account  of  their  diurnal  motions  % which  makes  that 

* Venus  fpatio  y horarum  gyrationem  circa  axem  ab  occidente  in  orientem- 
perficit.  Mars  limilem  rotationem,  horis  24  min.  40  abfolvif.  Macularum  revo- 
lutionibus  taepius  obfervatis,  Ds.  .cassini  comperuit  periodum  Jovis  circa  pro » 
priam  Axem  effe  horarum  9,  minutorum  56.  keill,  Ait.  Left* -V. 
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of  Jupiter  9 h.  56',  of  Mars  24  h.  40',  how  true  foever  It 
may  be  in  a general  way,  was  much  too  inaccurate  for  this  cri- 
tical purpofe.  The  gyration  of  Venus  was  ftill  lefs  to  be 
depended  upon,  being  only  noted  to  the  hour  without  the 
minutes  : it  became,  therefore,  neceflary  to  proceed  to  obferva- 
tions of  a more  determinate  kind.  From  what  I had  already  feen 
of  the  rotation  of  the  planets,  I concluded,  that  Mars  on  feve- 
ral  accounts  would  be  the  moft  eligible  planet  for  my  purpofe  : 
for  the  fpots  on  Jupiter  change  fo  often  that  it  is  not  eafy, 
if  at  all  pofilble,  to  afcertain  the  identity  of  the  fame  appear- 
ance, for  any  confiderable  length  of  time.  Nor  do  the  dark 
fpots  only  change  their  place,  which  may  be  fuppofed  to  be 
large  black  congeries  of  vapours  and  clouds  fwimming  in  the 
atmofphere  of  Jupiter  ; but  alfo  the  bright  fpots,  though  they 
may  adhere  firmly  to  the  body  of  Jupiter,  may  undergo  fome 
apparent  change  of  fituation  by  being  differently  covered  or 
uncovered  on  one  fide  or  the  other,  by  alterations  in  the  belts. 
It  will  be  feen  hereafter,  that  I have  obferved  the  revolution  of 
a very  bright  fpot,  not  fufpedted  of  any  change  of  fituation,  to 
befirft,  by  one  fet  of  obfervations,  at  the  rate  of  9 h.  51'  45", 6 ; 
and  afterwards,  by  another  fet  immediately  following  at  the 
rate  of  9 h.  50'  48". 

As  the  principal  belts  on  Jupiter  are  equatorial,  and  as  we 
have  certain  conftant  winds  upon  our  planet,  efpecially  near 
the  equator,  that  regularly,  for  ceitain  periods,  blow  the  fame 
way  it  is  eafily  fuppofed,  that  they  may  form  equatorial 
belts  by  gathering  together  the  vapours  which  fwim  in  our 
atmofphere,  and  carrying  them  about  in  the  fame  direction. 
This  will,  by  analogy,  account  for  all  the  irregularities  of  Ju- 

* See  A&a  Eruditorum,  1 687.  Dr.  halley’s  Account  of  periodical  Winds. 
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piter’s  revolutions,  deduced  from  fpots  on  his  dilk  that  may 
have  changed  their  fituation ; for  if  we  fuppofe  the  rotation  of 
Jupiter,  according  to  Cassini,  to  be.  9 h.  56',  then  fo me  fpots 
that  I have  obferved  mutt  have  been  carried  through  about  6o° 
of  Jupiter’s  equator  in  22  of  his  revolutions  or  days.  This 
would  certainly  be  a very  great  velocity  in  the  clouds,  which  is, 
however,  not  unparalleled  by  what  has  happened  in  our  own 
atmofphere. 

But  to  return  to  my  purpofe  : on  the  planet  Mars  we  fee  fpots 
of  a different  nature ; their  conftant  and  determined  fhape,  as 
well  as  remarkable  colour,  (hew  them  to  be  permanent  and 
fattened  to  the  body  of  the  planet.  Thefe  will  give  the  revo- 
lution of  his  equator  to  a great  certainty,  and  by  a great  num- 
ber of  revolutions,  to  a very  great  exadtnefs  alfo.  Suppofing 
then,  that,  by  a method  I fhall  hereafter  defcribe,  we  can  de- 
termine whether  a fpot  on  the  difk  of  Mars  is,  or  is  not,  in 
the  line  which  joins  the  center  of  the  earth  and  the  center  of 
that  planet,  to  half  an  hour’s  time  with  certainty  (I  believe 
ten  or  twelve  minutes  will  be  found  fufficient  for  that  pur- 
pofe), in  this  cafe  we  fhall  in  30  days  have  the  revolution  true 
to  a minute ; and,  by  continuing  thefe  obfervations  for  three 
months,  we  fhall  have  it  to  20" . When  we  are  fo  far  certain, 
we  can  eafily  arrive  to  a much  greater  degree  of  exaflnefs  ; for 
as  we  now  can  no  longer  miftake  a whole  revolution,  if  we  take 
the  time  of  any  particular  fpot’s  being  in  the  line  which  joins  the 
centers  of  the  planets  during  one  oppofition  of  Mars,  and  take 
the  fame  again  at  or  near  the  next  oppofition,  we  fhall  have  an 
interval  of  about  780  days,  which  will  give  the  diurnal  motion 
of  that  planet  true  to  about  2" . The  next  oppofition  will  give 
it  to  one,  and  fo  forth  ; by  which  means, and  by  taking  a proper 
number  of  fuch  periods,  we  may  determine  the  rotation  of 
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Mars  to  as  great  an  exaCtnefs  as  we  jfhall  think  necelfary  for  the 
purpofe  of  our  comparative  view. 

Had  fuch  obfervations  as  thefe  been  made  two  thoufand,  or 
perhaps  only  fo  many  hundred  years  ago,  we  might  now,  by 
repeating  them,  moft  probably  become  acquainted  with  fome 
curious  minute  changes  of  the  folar  fyftem  that  have  hitherto 
palled  unnoticed. 

There  is  a certain  circumftance  which  would  almolt  create  a 
fufpicion  that  there  has  been  fome  retardation  in  the  diurnal 
motion  of  the  earth.  The  difference  between  the  equatorial 
and  polar  diameters  of  the  earth,  by  aCtual  meafurement,  has  I 
been  found  to  be  about  36  Englifh  miles  and  9 tenths  ; but,  by  ! 
a calculation  wherein  the  prefent  rotation  is  made  ufe  of,  it  ; 
will  only  amount  to  about  33  miles  and  8 tenths : from  which 
it  fhould  feem  probable,  that  when  the  earth  afliimed  the  prefent  ; 
form,  the  diurnal  rotation  was  fomewhat  quicker  than  it  is  at 
prefent,  by  which  means  the  centrifugal  force  bore  a greater 
proportion  to  the  force  of  gravity  to  which  it  is  contrary,  and 
thus  occafioned  a higher  elevation  of  the  equatorial  parts.  But 
I would  not  lay  much  ftrefs  upon  this  argument ; for,  in  the  cal-  | 
culation,  it  has  been  fuppofed,  that  the  earth  is  nearly  of  an 
equal  denfity  at  the  furface  and  towards  the  center,  which  it  I 
feerris  is  not  agreeable  to  fome  late  curious  experiments  and  : 
calculations  that  have  been  made  Under  the  conduct  of  the  | 
Aftronomer  Royal  upon  the  attraction  of  a mountain  *,  the 
refult  of  which  ought  now  to  be  taken  into  confideration,  and 
the  calculation  repeated*  If  all  the  data  could  be  exactly  de- 
pended upon,  it  would  be  practicable  enough  from 'the  laws  of 

* See  Mr.  HtrTT0N*3  Account  of  the  Calculations  made  from  the  Survey  and 
Meafures  taken  at  Schehallien,  in  order  to  afcertain  the  mean  Deniity  of  the 
Earth.  Phil.  Tranf  1778* 
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gravity,  and  the  prefent  rotation  and  given  form  of  the  earth, 
to  find  the  centrifugal  force  required  to  produce  that  form,  and 
thence  to  fhevv  what  mud  have  been  its  diurnal  motion  when 
it  affumed  the  fame.  However,  thefe  are  refearches  that  in  my 
prefent  fituation  I neither  have  opportunity  nor  perhaps  ability 
enough  to  inveftigate  properly ; and  which,  therefore,  I hope 
feme 'of  our  excellent  mathematicians  will  think  worth  while 
to  look  into. 

I fliall  now  relate  my  obfervations  on  Jupiter  and  Mars.  The 
telefcopes  I ufed  are  of  my  own  con  ft  ruCtion ; and  are,  a 
twenty- feet  Newtonian  refledlor,  a ten-feet  refle&or  of  the 
fame  form,  and  a feven-feet  reflector  already  mentioned  in  my 
paper  on  the  mountains  of  the  moon.  My  time  I gained  by 
equal  altitudes  taken  with  a brafs  quadrant  of  two-feet  radius, 
carrying  a telefcope  which  magnifies  about  40  times ; for  the 
correction  of  altitudes  taken  of  the  fun  I ufed  de  la  lande’s 
tables.  I kept  my  time  by  two  very  good  pieces  ; one  having 
a deal  pendulum-rod,  the  other  a compounded  one  of  brafs 
and  iron,  both  having  a proper  contrivance  not  to  flop  when 
winding  up.  The  rate  of  going  of  my  clocks  I determined  by 
the  tranfit  of  ftars. 

Obfervations  on  Jupiter  in  the  year  1778. 

February  24.  Clock  i'  10 " too  foon.  About  9 o’clock  I 
faw  a bright  belt  on  one  part  of  the  dilk  of  Jupiter,  fee  tab, 
V.  fig.  1. 

About  10  o’clock  it  was  advanced  as  far  as  the  center,  fig.  2. 

II  h.  The  white  belt  ftill  more  advanced,  fig.  3. 

1 1 h.  25'.  It  approached  towards  the  edge  of  the  difk  j and  at 
12  h.  was  extended  all  over,  as  in  fig.  4. 
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February  25.  8 h.  The  fame  bright  belt  I obferved  yefterday 
extends  all  over. 

8 h.  45'.  It  is  divided  by  a darkifh  fpot,  fituated  at  fome 
diftance  from  the  center,  as  in  fig.  5. 

9 h.  5'.  The  fmall  dark  divifion  is  advanced  a little  farther 
than  the  center,  as  in  fig.  6.. 

9 h.  23k  The  fpot  is  vifibly  advanced  a confiderable  deal 
farther. 

March  2.  8 h.  2'.  The  darkifh  fpot,  with  fome  alteration  in 
its  fhape,  is  now  in  the  middle  of  the  dilk,  fee  fig.  7. 

March  3.  10  h.  34'.  The  bright  belt  on  the  fouth  of  the 
equator  is  now  in  the  middle  ; that  is  to  fay,  if  a line  be  drawn 
perpendicular  to  the  equatorial  belt,  and  through  the  center, 
the  end  of  the  equatorial  belt  now  touches  it,  fig.  8. 

1 3 h.  49k  The  darkifh  fpot,  in  which  there  has  been  fome 
alteration  fince  yefterday,  feems  now  to  be  in  the  center,  fig.  9. 

March  14.  The  clock  altered  to  true  equated  time ; but  the 
rate  of  going  not  changed,  being  well  regulated. 

7 h*  35'.  The  fpot  is  now  in  the  center,  but  does  not  feem 
quite  to  fill  the  white  belt ; nor  is  it  fo  large  and  diftinct  as  it 
was  before,  fig.  io. 

April  7.  qh.  31k  There  are  three  dark  fpots  in  the  equa- 
torial belt  nearly  in  the  center,  fee  fig.  1 1 . 

April  12.  7 h.  50k  The  three  dark  fpots  are  in  the  center* 
The  fourthemmoft  of  the  three  is  nearly  quite  vanifhed  ; the 
other  two  are  alfo  much  fainter.  They  are,  however,  diftindt 
enough  to  be  known,  fig.  12. 
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Obfervations  on  Jupiter  in  1779. 

April  14.  Clock  52''  too  late.  8 h.  4s7  A remarkable  bright 
fpot  in  the  equatorial  belt  towards  the  north  is  in  the  center, 
fee  fig.  18. 

8 h.  5s7.  The  fpot  is  a little  part  the  center. 

April  19.  Clock  true  mean  time.  7I1.  io'.  There  is  a bright 
fpot  juft  nowin  the  center,  which,  from  its  ftiape,  I take  to  be' 
the  fame  that  was  there  April  14th. 

7 h.  20'.  The  fpot  is  vifibly  paft  the  center. 

April  23.  Clock  (hews  true  time.  9 h.  38'.  The  fame  bright 
fpot  is  in  the  center. 

9 h.  43'.  It  is  paft  the  center.  Memorandum , my  time- 
piece may  be  depended  upon  to  a few  feconds. 

It  will  not  be  amifs  to  obferve,  that  .the  fpots,  as  well  as  a 
great  many  other  phenomena,  were  watched  as  they  came  on, 
paffed  over  the  center,  and  went  off  the  dilk  of  Jupiter  ; but  I 
have  only  felefted  thofe  obfervations  that  were  neceffary  to  my 
prefent  purpofe. 

Comparing  together  the  obfervations  that  were  made  in  the 
year  1778,  February  24th  and  March  3d,  we  obtain  an  interval 
of  7 days  34  minutes,  which  being  divided  by  17  revolutions 
made  by  Jupiter  on  his  axis,  we  have  the  time  of  one  (ynodical 
revolution  equal  to  9 h.  54'  56", 4. 

The  dark  fpot  on  February  25  was  obferved  feme  time  be* 
fore,  and  alfojuft  after  it  was  paft  the  center;  therefore  I have 
fuppofed  it  to  be  in  the  center  about  8 h.  58' : and  we  have. 
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February  23  8 58 

March  282 
Divided  by  1 2 rev.  4 23  4 

1 revolution  = ph.  55'  io!r 

February  25  8 5.8: 

March  3 13  49 

15  revol.  6 451 

1 revolution  = 9 h.  55'  24".. 

February  25  8 58  o 

March  14  7 3^  1 Q allowing  i'  10"  for  the  alt.  of  the  dock.- 

41  revol.  r6  22  38  10 

1 revolution  = 9 h.  55'  4",  6,. 

March  2 8 2 

3 *3  49 
x revol.  1 3 47 

1 revolution  — 9 h.  55'  4a". 

March  2820 
14  73610 

29  revol.  ix  23  34  10 

1 revolution  = 9 h.  54'  58", 2. 
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March  3 13  49  o 
14  7 36  10 


12  5 


Divided  by  26  rev.  10  17  47  10 


1 revolution  = 9 h.  54'  53' >4.. 

April  7 9 31 

12  7 50 


12  revol.  4 22  29 


1 revolution  = 9 h.  51'  35". 

Again,  comparing  together  the  obfervations  of  1779,  which 
were  made  with  the  utmoft  attention  to  time,  we  have, 

April  14  8 48  52 

April  19  7 10  o 

12  revol.  4 22  21  8 


1 revolution  = 9I1.  51'  4 


19  7 10 

April  23  9 38 

10  revol.  4 2 28 

1 revolution  = 9 h.  50'  48^0 

And  taking  both  together, 

April  14  8 48  52 

April  23  9 38  o 

22  revol.  9 o 49  8 v 

1 revolution  = 9 h,  51' 
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Thefe  feveral  refults  are  fo  exceedingly  various,  that  it  is  evi- 
dent Jupiter  is  not  a proper  planet  for  the  critical  purpofe  of  a 
comparative  view  of  the  diurnal  motions ; nor  can  this  great 
variety  proceed  from  any  inaccuracy  in  the  obfervations : for, 
in  my  opinion,  it  is  not  well  poffible  to  make  a miftake  in  the 
fituation  of  a fpot  that  lhall  amount  to  fo  much  as  five  minutes 
of  time*  The  obfervation  of  April  23,  1779,  was  made  with 
a view  to  afcertain  this  point,  when  it  was  found  that  five  mi- 
nutes of  time  made  a fenfible  difference  in  the  fituation  of  a 
fpot  when  near  the  center. 

If  we  reduce  the  fynodical  revolutions  to  fydereal  ones,  the 
refult  will  be  fo  little  different  from  the  above,  that  I have  not 
thought  it  worth  while  to  do  it  in  this  place*  By  a comparifoii 
of  the  different  periods  it  appears,  that  a fpot  which  is  carried 
about  in  the  atmofphere  of  Jupiter  generally  fuffers  an  accelera- 
tion* or,  which  is  the  fame  thing,  performs  its  revolutions  by 
degrees  in  lefs  time  than  it  did  at  firft  ; for  the  fpot  obferved  in 
1778  moved  at  the  following  rates.  From  February  25.  to 
March  2.  in  9 h.  55'  20"  ; to  March  3.  nearly  the  fame;  to 
March  14.  in  9 h.  55'  4" ; from  March  2*  to  March  3.  in 
9 h.  55'  40";  to  March  14.  in  9 h.  ^'  58"  ; from  March  3. 
to  March  14.  in  yh.  54'  53".  In  1779  a fpot  moved  from 
April  14.  to  April  19.  at  the  rate  of  9 h.  5 17  45 '' ; to  April  23* 
in  9 h.  51'  24";  and  from  April  19.  to  April  24.  in  9 h.  50'  48"  ; 
all  which  is  agreeable  enough  to  the  theory  of  equatorial  winds, 
fince  it  may  probably  take  up  fo  me  time  before  a fpot  can  acquire 
a fufficient  velocity  to  go  as  faff  as  thofe  winds  may  blow.  And, 
by  the  by,  if  Jupiter’s  fpots  fhould  be  obferved  in  different 
parts  of  his  year,  and  be  found  in  fome  to  be  accelerated,  in 
others  to  be  retarded,  it  would  almoft  amount  to  a demonftra* 
tion  of  his  monfoons  and  their  periodical  changes;  but  if  his 
7 axis 
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axis  fliould  not  be  inclined  enough  to  his  orbit,  to  occafion 
fuch  a change,  they  may  probably  always  blow  in  the  fame 
direction. 

Obfervations  on  Mars  in  the  year  1777* 

Twenty-feet  Newtonian  refleftor  ; powrer  300. 

April  8.  7I1.  30'.  I obferved  two  fpots  upon  Mars,  with  a 
bright  belt  or  partition  between  them.  The  belt  was  not  very 
well  defined,  fee  tab.  VI.  fig.  1 4. 

9 h.  3c/.  The  fpots  are  advanced,  and  more  fpotted  parts 
are  vifible,  fig.  15. 

1 oh.  The  revolution  of  Mars  on  his  axis  is  now  very 
evident,  fig.  16. 

April  17.  Ten-feet  Newtonian  reflector;  power  about 
21 1.  7 h.  5 c/.  Mars  appeared  as  in  fig.  17.  At  a and  b 

there  were  two  bright  fpots,  fo  luminous  that  they  feemed  to 
project  beyond  the  dilk.  At  c and  d there  were  two  very  dark 
fpots,  joined  by  a leffer  black  line  in  the  middle,  which 
however  was  eroded  at  e and fby  a very  faint  whitifh  partition. 

April  26.  Ten- feet  refle&or  ; power  21 1. 

9 h.  The  lpots  on  the  planet  are  very  faint,  and  much 
about  as  in  fig.  18. 

April  27.  Ten- feet  refle£lor ; power  324. 

8h.  40'.  The  evening  very  fine  : my  telefcope  in  compleat 
order.  The  fpots  as  in  fig.  19. 
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Obfervations  on  Mars  in  the  year  1 779. 

May  9th.  Clock  too  faft  ; by  equal  altitudes  on  the 
14th  of  April,  and  by  the  tranfit  of  a ftar,  is  found  to  lofe 
1 ',45  per  day. 

11  h.  1'  by  the  clock,  I found  the  fituation  of  the  fpots  on 
Mars  as  in  figure  20  ; there  is  a very  remarkable  dark  fpot  not 
far  from  the  center. 

1 1 h.  30'.  The  figures  are  gone  from  the  center. 

May  ii.  Clock  12"  too  faft. 

I oh.  18'.  The  fame  fpot  that  was  vifible  May  9.  is  on  the 
difk,  the  darkeft  place  being  intirely  fouth-eaft  of  the  center, 
fee  fig.  21. 

I I h.  43'.  The  darkeft  part  is  almoft  arrived  at  the  center, 
fig.  22. 

1 2 h.  1 7'.  The  dark  fpot  is  with  its  edge  juft  near  the  center, 
as  in  fig.  23. 

May  13.  Seven- feet  refle&or  ; power  222.  Clock  9"  too  faft. 

11  h.  26'.  Mars  feems  now  to  be  In  the  fame  fituation  he 
was  the  nth,  at  10  h.  8r. 

May  22.  Clock  4"  too  flow. 

1 a h.  5/.  The  figure  of  May  nth  is  not  on  the  dilk ; but 
fome  other  fainter  fpots  are  vifible.  The  air  is  full  of  vapours. 

June  6.  The  clock  fet  by  ten  equal  altitudes  taken  to-day, 
and  by  the  tranfit  of  $ Scorpii  lofes  1^,9  per  day.  What  I have 
perhaps  improperly  called  a tranfit  is  the  occultation  of  a ftar 
palling  behind  the  perpendicular  edge  of  a high  building  at 
about  40  yards  diftance,  obferved  with  a fixed  telefcope  dire&ed 
to  the  place  where  it  vanilhes. 

10  h.  io'.  The  fame  figure  is  upon  the  difk  of  Mars  which 
was  there  April  8,  17 77,  at  7 h.  30'. 


June 
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June  15.  Clock  if  too  (low.  ph.  45'.  The  fame  figure  is 
upon  Mars  that  was  there  May  9.  at  nh.  T;  but  it  is  more 
advanced.  I fuppofe  it  to  be  the  fame,  and  in  the  fame  fitua- 
tion,  as  April  17,  1777,  at  7 h.  50'* 

June  17.  Clock  20''  flow* 

9 h.  12'.  The  dark  fpot  on  Mars  is  rather  more  advanced 
than  it  was  May  nth,  at  xoh.  18b 

I oh.  The  fpot  is  vifibly  advanced:  I fuppofe  it  will  take 
near  an  hour  to  come  to  the  center. 

10  h.  if  A very  thick  fog  obfcures  the  fky. 

11  h.  15'.  The  fame  darknefs. 

June  19.  Clock  22"  too  flow  by  the  tranfit  of  0 Scorpii  ob- 
ferved  this  evening. 

8 h.  40b  The  figure  on  the  difk  of  Mars  appears  now  to  be 
as  it  was  April  26,  1777,  at  9 h.  f fee  fig.  18. 

I I h.  30b  The  figure  of  May  1 1.  which  I have  been  hitherto 
watching,  is  not  come  to  the  pofition  it  was  then  at  1 1 h.  43', 
but  cannot  be  far  from  it.  I fear,  as  Mars  approaches  the  hori- 
zon, I ftiall  not  be  able  to  follow  him  till  the  figure  comes  to 
the  center, 

1 1 h.  47'..  The  ftate  of  the  air  near  the  horizon  is  very  unfa- 
vourable, With  much  difficulty  I can  but  juft  fee  that  the 
figure  is  not  quite  fo  far  advanced  as . it  was  May  nth,  at 
1 1 h.  43',  but  can  certainly  not  be  above  two  or  three  minutes 
from  it. 

n h.  51b  The  undulation  of  the  air  prevents  all  further 
obfervation. 

Let  us  now  examine  the  refu It  of  the  above  mentioned  obfer- 
vations  : comparing  together  the  two  following  fhort  intervals 
of  the  year  1779,  we  have, 


Vot.  LXXL 


S 


From 


*3° 


Mr.  herschel’s  Aftronomlcal  Objirvatlons 


D.  H.  M.  S. 

From  May  9 n o 45 

to  May  11  12  16  48 

Divided  by  2 revol.  2 1 1 6 3 


Gives  1 revolution  = 24  b.  38'  i",5v 

A fecond  final  1 interval. 

May  11  101748 
i3  11  25  5i 

2 revol.  2183 

1 revolution  — 24 h.  34' 

Here  we  have  two  very  fhort  intervals  that  agree  to  4',  which 
is  more  than  we  could  have  expedted  in  luch  fhort  periods  of 
time. 

Comparing  together  obfervations  that  were  made  at  a greater 
diftance,  we  find, 

Firfl:  monthly  period. 

May  ii  10  17  48 

June  I 799  20  UlIcAving  3'  becaufe  the  ohf.  %sthe 


fpot  was  rather  more  advanced*. 


36  revol.  36  22  51  32 


1 revolution  =■  24b.  38'  5", 9, 

Second  monthly  period. 

May  11  11  42  48 


Jnnp  t tt  rn  n o $ all0w5ng  3L for  the. time  the  fpot  would  Rave: 
Ay  1 taken  to  come  to  the  place  mentioned- 

38  revol.  39  o 7 34 

1 revolution  = 24  h.  38'  5", 4- 
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Third  monthly  period, 

D.  II.  M.  s. 

May  13  ii  25  51 

June  17  9 9 20 

34  revol.  34  21  43  29 

1 revolution  = 24b.  38'  20 ",3 

This  laft  is,  perhaps,  as  likely  to  be  near  the  truth  as  any, 
fince  the  fame  fpot  was  here  obferved  for  the  third  time,  and 
therefore  its  motion  become  more  familiar. 

Here  we  have  three  longer  periods  that  agree  to  fifteen 
feconds,  which  is  quite  fufficient  for  extending  the  interval  of 
time  to  thofe  obfervations  that  were  made  in  the  year  1777. 
But  as  thefe  are  the  fynodical  revolutions,  it  will  be  necelfary 
firfi:  to  reduce  them  to  fydereal  rotations. 

In  figure  24.  let  us  fuppofe  the  orbit  of  Mars,  mabc, 
to  be  in  the  fame  plane  with  the  orbit  of  the  earth,  edfg  ; 
and  the  axis  of  Mars  to  be  perpendicular  to  his  orbit.  Let 
m,  e,  w,  e , be  the  fituations  of  Mars  and  the  earth  on  the 
13th  of  May  and  17th  of  June  ; then  will  the  line  em,  that 
connects  the  centers  of  Mars  and  the  earth,  point  out  the  geocen- 
tric place  of  Mars  on  the  13th  of  May;  and  the  line  em , the 
geocentric  place  of  the  fame  planet  on  the  17th  of  June.  Draw 
er  and  ms  parallel  to  er  ; then  will  er  point  out  the  geocentric 
place  of  Mars  on  the  13th  of  May ; and  the  angle  sme  is  equal 
to  the  angle  mer.  Now,  by  an  ephemeris  * the  geocentric 
place  of  Mars,  May  13.  at  11  h.  26'  was  7 f.  20  d.  59'  21"; 

* The  Nautical  Almanac  gives  the  geocentric  place  of  Mars  only  to  every  lixth 
day ; for  which  reafon  I ufed  white’s  Ephemeris,  where  it  is  given  for  every  day, 
though  perhaps  not  with  fo  much  e^actnefs  as  I could  wiftn 
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and  on  the  17th  of  June,  at  9 h.  9',  it  was  7 f . 12  d.  27'  22", 

by  which  we  obtain  the  difference  or  angle  rem  = ems  = 

8 d.  3!'  59^. 

Now  a fpot  on  Mars,  fituated  in  the  direction  me,  will  have 
made  a fydereal  revolution  when  it  returns  to  the  fame,  or  a 
parallel  direction  ms.  From  which  we  gather,  that  the  fpot  on 
the  17th  of  June,  after  coming  to  the  line  me,  where  it  finifhes 
the  ly nodical  revolution,  will  have  to  go  through  an  arch  of 
8 d.  3 17  59",  in  order  to  arrive  into  the  direction  of  the  line 
ms,  where  it  finifhes  the  fydereal  rotation.  The  time  it  will 
take  to  go  through  this  arch,  at  the  fydereal  rate  of  24  h.  39'  20" 
to  360  degrees,  or  4//,io9  per  minute  of  a degree,  will  be 
35' 3^,8  ; this  being  divided  by  the  numbers  of  revolution 
34, gives  1'  i;/,8  ; which,  added  to  24  b.  38'  20", 3,  gives  us 
24  h.  39'  22",  1 for  the  fydereal  revolution  of  Mars,  as  found  by 
the  third  of  the  monthly  periods.  This  quantity  will  help  us 
to  find  a proper  divifor  for  the  three  following  long  biennial 

It  is  to  be  obferved,  that  Mars  has  been  retrograde  in  the 
above  example,  for  which  reafon  the  meafure  of  the  angle  ems 
was  to  be  added  to  the  fy nodical  revolution  when  we  wanted  to 
find  the  fydereal  rotation  ; but  if  he  had  been  dir  eft,  or  if  his- 
place  had  been  more  advanced  in  the  ecliptic  than  that  to  which 
we  compared  it,  as  at  p,  then  the  line  pa-  parallel  to  em  would 
be  the  direftion  to  which  the  fpot  fhould  return,  in  order  to 
accomplifh  a fydereal  revolution,  and  therefore  the  quantity  of 
the  angle  <rpe  = per,  or  difference  of  the  geocentric  places  ought 
to  be  fubtrafted  from  the  fy  nodical  revolution  to  obtain  the 
fydereal  one* 


periods 
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Fir  ft  biennial  period,  1777,  April  8 7 30 

177 9,  June  6 10  10 

789  2 40 

The  geocentric  places  of  Mars  at  thofe  times  were,. 

s.  D.  ' " 

6 6 31  26 

7 l3  48  30 

1 7 r7  4 

turned  into  time  at  4//,i  09  per  minute  of  a degree  and!  Tub** 
traded,  becaufe  Mars  is  more  advanced  in  the  ecliptic*  is 

789  2 40  o 

— 2 33  1:1,8. 

Divided  by  768  rev.  789  o 6 48,2 

1 revolution  = 24b.  39'  2 3", 03* 

D.  H.  M.  s. 

Second  biennial  period,  1777,  April  17  7 50  o 

1779,  June  15  9 45  17 

789  1 55 

S.  D.  ' " 

Geocentric  places  6 3 31  27 

7 12  40  23 

1 9 8 56. 

Turned  into  time  789  1 55  17 
andfubtraded  — * 2 40  52 

— rtr — * 

768  revol.  788  23  14  25 
1 revolution  =-  24 h.  39' 

Third 
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D.  H.  M.  s. 

Third  biennial  period,  1777,  April  26  9 5 o 

1779,  June  19  8 40  22 


783  23  35  22 

S.  D.  ' " 

Geocentric  places  6 1 24  36 

7 12  31  48 
i 1 r 712 

Turned  into  time  783  23  35  22 
and  fubtrafled  — 2 45  15,6 

763  revol.  783  20  50  6,4 
1 revolution  = 24  h.  39'  23", 04. 


As  thefe  three  periods  are  fupported  by  obfervations  of  equal 
validity,  I fhall  take  a mean  of  them  all  for  the  neareft  approxi- 
mation to  the  true  fydereal  revolution  of  Mars  on  his  axis, 
which  therefore  is  24  b.  39' 

It  remains  now  only  to  fee  how  far  we  may  depend  upon  this 
determination  of  Mars’s  diurnal  rotation  as  coming  near  the 
truth  ; and  looking  over  thofe  caufes  which  may  poffibly  pro- 
duce any  errors,  we  find,  firft  of  all,  that  in  the  long  biennial 
periods  a miftake  in  the  number  of  revolutions  would  produce 
a confiderable  deviation  from  truth.  Secondly,  in  the  obferva- 
tions of  a fpot  which  moves  fa  flow,  we  are  alfo  liable  to  fome 
confiderable  miftake  in  eftimating  the  time  when  it  comes  to  a 
certain  place  ; and  the  more  fo,  if  that  place  is  not  the  center. 
Laftly,  the  time  itfelf  is  liable  to  inaccuracy. 

3 to 
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As  to  the  fi'rft.  It  appears  from  the  three  monthly  periods 
obfervedin  the  year  1779,  when  the  proper  allowances  for  the 
geocentric  places  are  made,  that  the  fydereal  revolution  of  Mars 
cannot  well  be  lefs  than  24  h.  39'  5",  nor  more  than 
24  h.  39'  22' ' ; but  if  we  fhould  divide  any  one  of  the  three 
biennial  periods  by  a fuppofed  number  of  revolutions,  only  one 
more  or  one  lefs  than  we  have  done,  the  difference  would  be  fo 
confiderable,  that  nothing  but  a miftake  in  every  one  of  the 
three  monthly  periods,  of  at  leaft  one  whole  hour,  could  juftify 
fuch  a fuppofition  ; and  that  fuch  a miftake  in  the  fituation  of 
a fpot  on  Mars  cannot  have  been  made  in  thofe  obfervations,  I 
think,  is  evident  enough  from  the  exadfnefs  with  which  they 
were  made,  and  from  their  agreement  with  each  other. 

The  fecond  caufe  of  error,  which  is  the  uncertainty  in 
affigning  the  exaft  time  when  a fpot  comes  to  the  center,  is  of 
fome.  force.  But  it  feems  to  me  highly  probable,  from  the 
manner  in  which  I have  feen  the  fpots  on  Mars  pafs  over  the 
difk  of  that  planet,  that  there  can  hardly  be  fo  great  an  error 
as  1 o'  in  an  obfervation  of  any  remarkable  fpot’ s coming  to 
the  center.  However,  not  being  willing  to  truft  more  to  the 
eye  than  I ought  to  do,  I had  recourfe  to  the  following  experi- 
ment. I drew  feveral  circles  of  one  inch  radius;  taking  dare  to. 
make  no  vifible  impreftion  of  a center;  and  placed  in  each  a 
fine  point  at  the  feveral  diftances  of  .0424,  .0636,  .0848,  in  ten 
thoufands  of  an  inch  from  the  real  center  ; fome  to  the  right, 
others  to  the  left.  Thefe  meafures  are  the  lines  to  radius  one, 
of  20  26',  30  39' , and  40  52',  which  are  the  arches  a fpot  on 
Mars  paftes  over  in  10,  15,  20'  minutes  relpedlively.  I ex~ 
pofed  them  to  feveral  perfons  unacquainted  with  my  deiigns^ 
and  found,  that  not  one  of  them  made  a fingle  miftake  in  fay- 
ing whether  the  point  was,  or  was  not,  in  the  center  of  the 

circle* 
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circle,  and  which  way  it  deviated  from  it.  As  the  direction  of 
the  motion  of  a fpot  on  Mars  is  known,  I thought  the  perfons 
who  were  to  judge  of  the  place  of  the  points  were  intitled  to 
be  acquainted  with  the  line  in  which  they  were  placed,  which 
for  that  reafbii  was  .always  to  the  right  and  left  only.  The 
points  that  anfwer  to  the  excentricity  of  15  apd  20'  are  indeed 
io  vihbly  out  of  the  center,  that  I believe  we  may  fafely  fay,  j 
that  any  miftake,  in  eftimating  the  tirrvr  of  a fpot  on  Mars 
coming  to  the  center,  cannot  well  exceed  a quarter  of  an  hour 
at  the  outfide. 

As  for  the  third  and  laft  occafion  of  error,  the  time  itfelf,  I 
believe  my  manner  of  obtaining  and  keeping  it  in  the  year 
1779  will  appear  fatisfadlory,  and  may,  1 think,  be  depended  1 
upon  to  a few  feconds  ; but  the  obfervations  of  the  year  1 777,  ( 
indeed,  are  far  from  having  the  fame  advantage.  I was  not 
then  provided  with  an  altitude  inftrument,  therefore  fet  my  ; 
clock  by  a good  fun-dial,  with  the  equation  of  time  contained  : 
in  the  Nautical  Almanac,  and  found  it  to  agree  generally  to  a 
minute  or  two  with  the  time  calculated  for  the  eclipfes  of  Ju-  : 
piter’s  firft  fatellite,  as  I deduced  it  for  Bath  from  the  Nautical  ! 
Almanac.  However,  it  was  certainly  liable  to  an  error  jof 
feveral  minutes;  therefore,  allowing  no  lefs  than  io'  for  the 
clock  in  1777,  and  20'  for  an  error  in  eftimating  the  filiation 
of  a fpot  in  1779,  it  will  both  amount  to  half  an  hour:  then, 
if  we  take  a mean  of  the  three  numbers,  whereby  we  have 
divided  the  three  biennial  periods,  we  have  766.1 ; and  half  an 
hour,  divided  by  766^,  will  therefore  give  us  the  quantity  to 
which,  it  feems,  can  amount,  all  thermcertainty  in  the  fydereal 
diurnal  rotation  of  Mars,  which  is  2", 34. 

A nearer  approximation  to  truth  I hope  to  obtain  at  the  next 
oppofition,  which  will  happen  about  the  middle  of  July  1781. 
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I have  ventured  to  calculate  the  times  for  that  oppofition, 
'■when  the  edge  of  the  remarkable  dark  fpot  will  be  feen 
near  the  center,  as  it  is  in  figure  23,  or,  which  is  the  fame 
thing,  as  it  was  the  nth  of  May  1 779,  at  i2h.  \ f.  The 
fpot  not  being  vifible  at  the  time  of  the  oppofition,  I have  taken 
the  neareft  period,  before  and  after,  in  which  it  will  pafs  over 
the  difk.  There  is, 'however,  a circumfiance  w7hich  may  make 
the  appearance  of  the  fpot  not  quite  limilar  to  the  figure  I have 
drawn,  even  though  the  rotations  fliould  perfedlly  anfwer  as  to 
the  times ; for  the  poiition  of  the  axis  of  Mars  being  ftill  in 
fome  meafure  unknown,  I could  make  no  allowance  for  a 
change,  which  a difference  in  the  fituation  of  no  lefs  than  two 
figns  may  occafion,  though  in  all  probability  it  will  not  be 
very  confiderable. 

Thofe  wiio  are  provided  with  proper  telefcopes  will  have  an 
Opportunity  to  fee  how  far  the  calculated  times  agree  with  the 
" pot’s  appearance  ; and  it  is  by  this  means  I alfo  hope  to  corredt 
and  improve  the  tables  I have  drawn  up  for  this  purpofe,  and 
f offer  to  approximate  to  a true  theory  of  the  gyration  of  this 
pi  net;  ' - 

icy.  knowing  the  exacf  difference  of  meridians  between 
Greenwich  and  this  place,  1 have  calculated  the  fpot’s  ap- 
pearance for  the  meridian  of  Bath.  From  an  eclipfe  or 
two  of  Jupiter’s  fatellites,  of  which,  by  the  favour  of  the  Rev. 
Mr.  hornsby,  I have  feen  correfpondent  obfervations,  I fup- 
pofe  the  difference  cannot  be  much  lefs  than  9'  wTeft  of  Green- 
wich ; and  at  the  fame  time  I join  an  account  of  the  folar 
eclipfe  of  the  24th  of  June  1778,  which  may  be  depended 
upon  as  a very  compleat  obfervation,  and  may  ferve  to  afcer- 
tain  the  longitude  of  this  place. 
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Edipfe  of  the  fun  obferved  at  Bath. 

June  24,  1778.. 

H.  M.  S. 

Beginning  by  equated  or  mean  time,  3 30  10,7 
End3  - - »■  5 18  7,7 

Calculations,  or  (as  the  principles  on  which  they  are  founded 
are  ftill  eftablilhed  upon  a few  obfervations  only,  and  require  ; 
fome  time  for  mature  confirmation)  I would  rather,  if  I 
might  be  allowed  the  expreflion,  call  them  calculated  con- 
jectures of  the  times  when  the  remarkable  dark  fpot  will  be 
feen  near  the  center  of  the  dilk  of  Mars. 


For  June,  July,  and  Auguft,  of  the  year  1781. 
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3:  have  the  honour  to  be?  &c* 


ftulos.  Tran*.  Vo/.LXXI.  Tab  VI.  p./38 


C *3?  3 


XI.  Some  Account  of  the  Termites,  which  are  found  in  Africa 
and  other  hot  Climates.  In  a Letter  from  Mr.  Henry 
Smeathman,  of  Clement’s  Inn,  to  Sir  Jofeph  Banks,  Bart. 

P.  R.  S. 


Read  February  15,  1781, 

S J Clement's  Inn, 

Jan.  23,  1781. 

O F a great  marly  curious  parts  of  the  creation  1 met  with 
on  my  travels  in  that  almoft  unknown  diftridt  of  Africa 
called  Guinea,  the  termites,  which  by  moft  travellers  have 
been  called  white  ants,  feemed  to  me  on  many  accounts 
moft  worthy  of  that  exadt  and  minute  attention  which  I have 
bellowed  upon  therri. 

The  amazingly  great  and  fudden  mifchief  they  frequently 
do  to  the  property  of  people  in  tropical  climates*  makes  them 
well  knowna  nd  greatly  feared  by  the  inhabitants. 

The  fize  and  figure  of  their  buildings  have  attradled  the 
notice  of  many  travellers,  and  yet  the  world  has  not  hitherto 
been  furnifhed  with  a tolerable  description  of  them,  though 
their  contrivance  and  execution  fcarce  fall  fhort  of  human  inge- 
nuity and  prudence  ; but  when  we  come  to  conlider  the  won- 
derful oeconomy  of  thefe  infedts,  with  the  good  order  of  their 
fubterraneous  cities,  they  will  appear  foremoft  on  the  lift  of  the 
wonders  of  , the  creation,  as  moft  clofely  imitating  mankind  in 
provident  induftry  and  regular  government* 

T 


You 
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You  had  barely  time  to  fee  and  to  admire  fome  of  their 
buildings  in  New  Holland,  and  have  been  pleafed  to  fay,  you 
think  an  accurate  account  of  them  would  meet  a favourable 
reception  from  the  Royal  Society.  That  which  I now  have  the 
honour  to  prefent  to  you,  is  accurate  and  faithful  as  far  as  it 
goes.  I have  kept  as  clofe  to  my  fubjeft  as  was  in  my  power, 
without  being  obfcure,  or  falling  fhort  of  my  intention ; and 
though  I have  given  only  the  heads  of  what  I could  draw  from 
my  memorandums  on  the  fubjedt,  they  will  probably  be  found 
fufficiently  defcriptive  and  hiftorical  for  the  bounds  of  a letter. 

The  fagacity  of  thefe  little  infefts  is  fo  infinitely  beyond 
that  of  any  other  animals  I have  ever  heard  of,  that  it  is  poffi- 
ble  the  accounts  I have  here  communicated  would  not  appear  I 
credible  to  many,  without  fuch  vouchers  and  fuch  corroborating  i 
teftimony  as  I atn  fortunately  able  to  produce,  and  are  now  » 
before  you.  There  are  alfo  many  living  witnefles  in  England 
to  moft  of  the  extraordinary  relations  that  I have  given,  fo  that 
I hope  t6  have  full  credit  for  fuch  remarks  as  no  one  but  myfelf 
has  probably  had  time  and  opportunities  enough  to  make,  and  >■ 
which  are  not  fufceptible  of  demonft  ration,  except  in  thofe  ^ 
places  where  the  infedts  are  found. 

Such  as  they  are,  I beg  leave  to  lay  them,  with  all  diffidence 
and  humility,  before  you  and  that  illuftrious  Body  of  which 
you  are  Prefident;  and  if  they  ffiould  in  a fmall  degree  meet 
with  approbation,  Tfhall  be  exceedingly  fatisfied. 

Thefe  infefls  are  known  by  various  names.  They  belong  to 
the  termes  of  einnjeus,  and  other  fyftematical  naturalifts. 

f In  the  windward  parts  of  Africa  they  are 
I called  Bugga  Bugs. 

By  the  Engliin,  j jn  t^e  Weft  Indies,  Wood  Lice , Wood  Ants , 

^ or  White  Ants . . i 

By 
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r At  Senegal,  V ague-Vague  s. 

By  the  French,  < In  the  Weft  Indies,  Poux.de  Pols , or  Four - 
l mis  Planches. 

By  the  Bohns,  or  Sherbro  people,  in  Africa,  Scantz. 

By  the  Portugueze  in  the  Brazils,  Coupee  or  Cutters , from 
their  cutting  things  in  pieces. 

By  this  latter  name  and  that  of  Piercers  or  Eaters , and  fimi- 
lar  terms,  they  are  diftinguiihed  in  various  parts  of.  the.  tropical 
regions. 

The  following  are  the  fpecific  differences,  * given  by  Dr. 
solander,  of  fuch  infedts  of  this  genus,  as  I have  obferved  and> 

collefted. 

1.  termes  bellicofus  corpore  fufco,  alis  fufcefcentibus : cofta, 
ferruginea,  ftemmatibus  fubfuperis  ocillo  propinquis,  pundto 
centrali  prominulo. 

2.  .termes  mordax  nigricans,  antennis  pedibufque  teftaceis,, 
alis  fuliginofis  : area  marginal!  dilatata : cofta  nigricante,. 
ftemmatibus  inferis  oculo  *approximatis,  punfto  centrali 
imprefto. 

3.  termes  atrcx  nigricans,  -fegmentis  abdominalibus  mar— 
gine  pallidis,  antennis  pedibufque  teftaceis,  alis  fuligi- 
nofis: cofta  nigra,  ftemmatibus  inferis,  pundto  centrali 
imprefto. 

4.  T'ERWiK&deJlrudlor nigricans,  abdominis linea  laterali  lutea, 
antennis  teftaceis,  alls  hyalinis  : cofta  lutefcente,  ftem- 
matibus fubfuperis,  pundto  centrali  obliterate. 

5V  termes  arhorum  corpore  teftaceo,  alis  fufcefcentibus:. 
cofta  lutefcente,  capite  nigricante,  ftemmatibus  inferis 
oculo  approximatis,  pundto  centrali  imprefto. 

The  Termites  are  reprefented  by  linn^us  as  the  greateft 
plagues  of  both  Indies,-  and  are  indeed  every  way  between  the. 
z Tropics 
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Tropics  fo  deemed,  from  the  vaft  damages  they  cauie,  and  the 
Ioffes  which  are  experienced  in  confequence  of  their  eating  and 
perforating  wooden  buildings,  utenfils,  and  furniture,  with  all 
kinds  of  houfehold- fluff  and  merchandize,  which  are  totally 
deflroyed  by  them,  if  not  timely  prevented ; for  nothing  lefs 
hard  than  metal  or  flone  can  efcape  their  moft  deftrudive  jaws. 

They  have  been  taken  notice  of  by  various  travellers  in  dif- 
ferent parts  of  the  torrid  zone ; and  indeed  where  numerous,  a9 
is  the  cafe  in  all  equinddial  countries  and  iilands  that  are  not 
fully  cultivated,  if  a perfon  has  not  been  incited  by  curiofity  to 
obferve  them,  he  mufl  have  been  very  fortunate  who,  after  a 
fhort  refidence,  has  not  been  compelled  to  it  for  the  fafety  of 
his  property. 

Thefe  infeds  have  generally  obtained  the  name  of  Ants,  it 
may  be  prefumed,  from  the  fimilarity  in  their  manner  of  liv- 
ing, which  is,  in  large  communities  that  ered  very  extraordi- 
nary nefls,  for  the  moft  part  on  the  furfaee  of  the  ground,  from 
whence  their  excurfions  are  made  through  fubterraneous  paffages 
or  covered  galleries,  which  they  build  whenever  neceffity  j 
obliges,  or  plunder  induces,  them  to  march  above  ground, ; and 
at  a great  diftance  from  their  habitations  carry  on  a buhnefs  of 
depredation  and  deilrudion,.  fcarce  credible  but  to  thofe  who 
have  feen  it.  But  notwithftanding  they  live  ill  communities, 
and  are  like  the  ants  omnivorous  ; though  like  them  at  a certain 
period  they  are  furnifhed  with  four  wings,  and  emigrate  or  co-  ■ 
Ionize  at  the  fame  feafou  ; they  are  by  no  means  the  fame  kind 
of  infeds,  nor  does  their  form  correfpond  with  that  of  Ants  in 
anyone  Hate  of  their  exiftence,  which,  like  moft  other  infeds,  < 
is  changed  feveral  times.  T ; . - ; 

The  Termites  referable  the  Ants  alfo  in  their  provident  and 
diligent  labour,  but  furpafs  them  as  well  as  the  Bees,  Wafps, 

3 Beavers, 


the  Termites  of  Africa  and  other  hot  Climates . 143 

Beavers,  and  all  other  animals  which  I have  ever  heard  of,  in 
the  arts  of  building,  as  much  as  the  Europeans  excel  the  lead: 
cultivated  favages*  It  is  more  than  probable  they  excel  them 
as  much  in  fagacity  and  the  arts  of  government  ; it  is  certain 
they  fhew  more  fubftantial  inftances  of  their  ingenuity  and 
induftry  than  any  other  animals  ; and  do  in  fact  lay  up  vaft  maga- 
zines of  prov.iiions  and  other  {lores a degree  of  prudence 
which  has  of  Jate  years  been  denied,  perhaps  without  reafon,  to 
the  Ants.^h. 

Such  however  are  the  extraordinary  circumftances  attending 
their  oeconomy  and  fagacity,  that  it  is  difficult  to  determine,- 
whether  they  are  more  worthy  of  the  attention  of  the  curious 
and  intelligent  part  of  mankind  on  thefe  accounts,  or  from 
the  ruinous  confequences  of  their  depredations,  which  have 
defervedly  procured  them  the  name  of  Fat  alls  or  Deflrutlor. . 

As  this  is^the  cafe,  it  is  a little  furprifmg  that  an  accurate 
natural,  hiftory  off  thefe  wonderful  infedts  has  not  been 
attempted  long  fince  ; efpecially  as,  according  to  bosman  (who 
wrote  the.  beginning  of  this  century)  in  his  defcription  of  the 
Coaft  of  Guinea,  fome  curious  cicumftances  relative  to  them 
muff  have  been  known.  According  to  that  gentleman,  the 
King  was  fuppofed  to  be  as  large  as  a Cray-fiffi  (2h  This,  though 
a . bad  cojnparifon,  is  pretty,  near  the  truth  in  refpedt  to  the  frze 
of  the  female,  who  is  the  Common  Mother  of  the  community  ; 

(0  Though  Ants  have  no  occafion  to  lay  up  itores  for  winter  in  cold  climates, 
they  certainly  mull  and  do  carry  great  quantities  of  provifions  into  their  nefts  to 
feed  the  young  brood;  and  molt  probably  provide  fome  before  hand  for  fear  of- 
accidents,  which  might  be  fatal  to  the  young  ones,  who,  like  all  infects  in  the: 
caterpillar  Hate,  are  very  voracious,  and  cannot  bear  difappointments  of  long, 
duration.. 

(2)  bos  man’s  Guinea,  p.  260. 

T 4,  and* , 


>j.>44  Mr.  ^meathman’s  Account  of 

and,  according  to  the  mode  we  have  adopted  from  time  imme- 
morial in  fpeaking  of  Ants  and  Bees,  the  queen. 

Thefe  communities  confift  of  one  male  and  one  female  (who 
are  generally  the  common  parents  of  the  whole,  or  greater  part, 
of  the  reft),  and  of  three  orders  of  infedts,  apparently  of  very 
different  fpecies,  but  really  the  fame,  which  together  compofe 
great  commonwealths,  or  rather  monarchies,  if  I may  be  al- 
lowed the  term. 

The  great  einn^us,  having  feen  or  heard  of  but  two  of 
thefe  orders,  has  clafied  the  genus  erroneoufly ; for  he  has  placed 
it  among  the  Apt  era. , or  infedts  without  wings ; whereas  the 
-chief  order,  that  is  to  fay,  the  infedt  in  its  perfedt  ft  ate, 
having  four  wings  without  any  fling,  it  belongs  to  the 
Neuropier  a in  which  clafs  it  will  conftitute  a new  genus  of 
many  fpecies 

The  different  fpecies  of  this  genus  refemble  each  other  in 
form,  in  their  manner  of  living,  and  in  their  good  and  bad 
qualities  : but  differ  as  much  as  birds  in  the  manner  of  build- 
ing their  habitations  or  nefts,  and  in  the  choice  of  the  mate- 
rials of  which  they  compofe  them. 

There  are  fome  fpecies  which  build  upon  the  furface  of  the 
ground,  or  part  above  and  part  beneath,  and  one  or  two  fpecies, 
perhaps  more,  that  build  on  the  Items  or  branches  of  trees* 
fbmetimes  aloft  at  a vaft  height. 

(3)  1 have  no  doubt,  from  the  account  and  figures  given  of  the  European 
Termes  Piilfatorius,  or  Death  Watch,  by  the  illuflrious  baron  degeer,  in  his 
feventh  volume  of  Memoir es  pour pervlr  a'V  Hijloire  des  Infeftes , that  in  their 
perfedt  ftate  they  have  wings,  and  fwarm  or  emigrate,  and  live  in  a manner  analo- 
gous to  thofe  of  hot  climates-;  for  they  feem  to  have  quite  the  external  form  of 
the  exotic  Termes,  that  is  to  fay,  of  the  firft  and  third  order,  de  "GEER,  Me- 
• moires,  tom.  VII.  p,  45.  pi.  IV.  fig.  1,  2,  3,  & 4, 

Of 
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, Of  every  fpecies  there  are  three  orders ; firft,  the  working 
infers,  which,  for  brevity,  I {hall  generally  call  labourers  ; 
next  the  fighting  ones,  or  foldiers , which  do  no  kind  of 
labour;  and,  laft  of  all,  the  winged  ones,  or  perfeft  infeffs, 
which  are  male  and  female,  and  capable  of  propagation. 
Thefe  might  very  appofitely  be  called  the  nobility  or  gentry , 
for  they  neither  labour,  or  toil,  or  fight,  being  quite  incapable 
of  either,  and  almoft  of  felf-defence.  Thefe  only  are  capable 
of  being  elected  kings  or  queens  ; and  nature  has  fo  ordered  it, 
that  they  emigrate  within  a few  weeks  after  they  are  elevated 
to  this  ftate,  and  either  eftablifh  new  kingdoms,  or  perifli 
within  a day  or  two. 

The  Termes  bellicofus  being  the  largeft  fpecies  is  moft  re- 
markable and  belt  known  on  the  Coaft  of  Africa.  It  eredts 
immenle  buildings  of  well-tempered  clay  or  earth,  which  are 
contrived  and  finilhed  with  fuch  art  and  ingenuity,  that  we  are 
at  a lofs  to  fay,  whether  they  are  moft  to  be  admired  on  that 
account,  or  for  their  enormous  magnitude  and  folidity.  It  is. 
from  the  two  lower  orders  of  this,  or  a fimilar  fpecies,  that 
linnJeus  feems  to  have  taken  his  defcription  of  the  Termes 
Fatalism  and  moft  of  the  accounts  brought  home: from  Africa 
or  Afia  of  the  white  Ants  are  alfo  taken  from  a fpecies  that 
are  fo  much  alike  in  external  habit  and  fize,  and  build  fo  much 
in  their  manner,  that  one  may  almoft  venture  to  pronounce 
them  mere  variations  of  the  fame  fpecies. 

The  reafon  that  the  larger  Termites  have  been  moft  remarked 
is  obvious ; they  not  only  build  larger  and  more  curious  nefts, 
but  are  alfo  more  numerous,  and  do  infinitely  more  mifchief  to 
mankind.  When  thefe  infers  attack  fuch  things  as  we  would 
not  wifh  to  have  injured,  we  muft  confider  them  as  moft  perni- 
cious ; but  when  they  are  employed  in  deftroying  decayed  trees 
Vol.  LXXL  U and 
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^nd  Yubftances-  which  only  incumber  the.  fur  face  of  the  earth, 
they  may  be  jufily  fuppojfed  very  ufeful,  and  for  the.  reafpn  tha 
they  are  in  one  fienfe  moil  pernicious,  they  are  in  the  other  moft 
i^feful.  In  this;  refpecl  they  referable  very  much  the  common  5 lies* 
which  are  regarded  by  mankind  in  general  as.  noxious.,.  and  at 
heft  as.  ufelefsbeings  in  the.  creation but  this,  is  certainly  for 
want  of  confi  deration,,  There  are  not  probably  in  all  • nature 
animals  of  more  importance,  and  it  would  not  be  difficult  to 
prove,  that  we  Should  feel  the  want  of  one  or  two  fpeciea 
of  Large  quadrupeds,  much  lefs  than  of  one  or  two-  fpecies 
of  thefe.  dofpicable-lookmg  infects.  Mankind  i%  general  am 
fenfible  that  nothing  is  more  difagreeable,  or  more  peffi? 
ferous,  than,  putrid  fuhdances  t.  and  it  is  apparent  to  all 
who.  have  .made  obfervatioix,.  that  thofe  little  infers ' contrr-. 
feiUte*  more  W the  qqick  diflblution  and  difperfioa  oflpu-t  | 
trefeent  matter  than  any  other.  They  are.  fo.  ne.cefiaryvin  all 
hot  climates,;  that' ^ evenf  hi' the  open'  fields  a dead  animal  or 
fmall  putrid  fubfiance  carnagt  be  laid  upon  the  ground  tfttoj  mi-: 
nutes  before- it  will  be  covered  with  Flies  and  their  Maggots, 
which  injiantiy  entering;  quickly,  devour  one  part,/  and.  pern  (•: 
&ratihg  thb  mft  in  v^inusi  (fcedUons,  expofe  the  wholp  to  be. 
much  foonpr  diffipated  by  the  elements.  Thus  it  is  with  the  Ter- 
mites £ thh  rapid  vegetation ;im  hot  climates,  of  which  no  idea/cara  ; 
be  this*  is  equalled*  by  as  great 

a degree  of  deftruftion  from  natural  aawel'ias  accidentdxaufes^i 
It  feems  apparent,  that  when  my.  thing:  whatevefiis  .arrived: 
at  its  laffe  degree  of  perfe&ion,  the  Creator  has  decreed:  k ihalL  ! 

(4)  The  Guinea  grafs,  which  is  fo  well  known  and  ft>  much  efteemed  by  purr 

planters-  in  the  Weft  Indies,,  grows  in  Africa  thirteen  feet  high  upon  an  average,. 

which  height  it  attains  in  about  five  or  fix.months ; and. the  growth  of; many  other  1 
' . r\.  r,  * .'■  • > |t‘ 

plants  :§  as  <pu$u 

, be  Ij 
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be  totally  deftroyed  as  foon  as  pdflible,  that  the  face  of  nature 
may  be  fpeedilv  adorned  with  frefh  produ&ions  in  the  bloom  of 
fpring  or  the  pride  of  fummer  : fo  when  trees,  and  even  woods, 
are  in  part  deftroyed  by  tornadoes  or  fire,  it  is  wonderful  to  ob- 
lerve,  how  many  agents  are  employed  ift  haftening  the  total 
diflblution  of  the  reft  Cs) ; bat  in  the  hot  climates  there  are  none 
fo  expert,  or  who  do  their  bufinefs  fo  expeditioufiy  and  effectually, 
as  thefe  infefls,  who  in  a few  weeks  deftroy  and  carry  away  the 
bodies  of  large  trees,  without  leaving  a particle  behind,  thus 
clearing  the  place  for  other  vegetables,  which  fooli  fill  up  every 
vacancy  ; and  in  places,  where  two  or  three  years  before  there 
has  been  a populous  town,  if  the  inhabitants,  as  is  frequently 
the  cafe,  have  chofen  to  abandon  it,  there  fhall  be  a very  thick 
wood,  and  not  the  veftige  of  a poft  to  be  feen,  unlefs  the  wood  has 
been  of  a fpecies  which,  from  its  hardnefs,  is  called  iron  wood » 
My  general  account  of  the  Termites  is  taken  from  obferva- 
tions  made  on  the  Termes  bellicofus , to  which  X was  induced  by 
the  greater  facility  And  certainty  with  which  they  could  be  made. 
The  nefts  of  this  fpecies  are  fo  numerous  all  over  the  ifland 
of  Bananas,  and  the  adjacent  continent  of  Africa,  that  it  is 
fcarce  poffible  to  ftand  upon  any  open  place,  fuch  as  a rice 
'plantation,  or  other  clear  fpot,  where  one  of  thefe  buildings 
is  not  be  feen  within  fifty  paces,  and  frequently  two  or  three 
are  to  be  feen  alrnoft  clbfe  to  each  other.  In  feme  parts  near  Se- 
negal, as  mentioned  by  Monft  AdansOn,  their  number,  mag- 
nitude, and  clofenefs  of  fituation,  make  them  appear  like  the 
villages  of  the  natives  C6)-  and  you  have  yourfelf  feen  them 
“perhaps  ftili  more  numerous*  though  not  fo  large,  in  New 
Holland.  Thefe 

(5)  See  Stirling  fleet’s  T rafts. 

(6)  “ But  of  ail  the  extraordinary  things  I ohferved,  nothing  ftruck  me  more 
4t  than  certain  eminences,  which,  by  their  height  and  regularity,  made  me  take 

U z 44  them 
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Thefe  buildings  are  ufually  termed  hills,  by  natives  as  well 
as  Grangers,  from  their  outward  appearance,  which  is  that  of 
little  hills  -more  or  lefs  conical*  generally  pretty  much  in  the 
form  of  fugar  loaves,  and  about  ten  or  twelve  feet  in  perpen- 
dicular height  above  the  common  furface  of  the  ground (7)  (8) 
tab.  VII.  fig.  1. 

Thefe 

M them  at  a difiance  for  an  afiemblage  of  negroes  huts  or  a confiderable  village* 
and  yet  they  were  only  the  nefts  of  certain  infe&s.  They  are  round  pyramids- 
“ from  eight  to  ten  feet  high,  upon  nearly  the  fame  bafe,  with  a fmooth  furface 
**  of  ridh  clay,  excefiively  hard  and  well'  built."  adanson’s  Voyage  to-  Senegal,. 
8vo,  p.  153—33 7*  Voyage  de  Senegal1,  4to,  p.  S3  and  99.. 

Note.  What  Mr.  adanson.  fays  of  the  opening  which  gives  ingrefs  and  regrefs 
is  manifefily  a miftake,  arifing  from  the  natural  condufion  that  thofe  infe&s  had 
fiome  way  out  and  in  to  their  neils,  without  examining  where  it  was.  It  will 
appear  by  this  account,  that  they  have  many  thoufand  ways  out  and  in,,  but  alL 
Subterraneous. 

- (?)  jobson,  in  his*  Hifiory  of  Gambia,  fays,  u The  Ant  hills  are  remarkable 
call  up  in  thofe  parts  by  Pifmires,  fome  of  them,  twenty  foot  in  height,  of 
“ compafle  to  coiatayne  a dozen  men,  with  the  heat  of  the  fun  baked  into  that 
**  hardnefle,  that  we  ufed  to  hide  onrfelves  in  the  ragged  toppes  of  them,,  when 
il  we  took  up.  Hands  to  Ihoot  at  deereor  wild  b.eafi$*,r  burchas’s  Pilgrims,  voi* 
II.  p.  1570. 

* (S)  “ The  Ants  make  nefis  of  the*  earth  about  twice  the  height  of  a man.'* 

bos  man’s  Defcription  of  Guinea*  p»  276 — 493. 

(9)  The  labourers  are  not  quite  a quarter  of  an  inch*  in.  length  % however,,  for 
the  fake  of  avoiding  fra&ions,  and  of  comparing  them  and.  their  buildings  with’ 
thofe  of  mankind  more  eafily,  I e Hi  mate  their  length  or  height  fo  much,,  and: 
the  human  ftandard  of  length  or  height,,  alfo  to  avoid  fra&ions,  at  fix  feet,  which 
is  likewife  above  the  height  of  men.  If  then  one  labourer  is  zr  to  one-fourth  of 
-an  inchcr  to  fix  feet,  four  labourers  are  zz  to  one  inch  in  height  “ 2.4  feet, 

, which  multiplied  by  12  inches,  gives  the  comparative  height  of  a foot  of  their 
building  zr  288  feet  of  the  building  of  men,  which  multiplied  by  10  feet,  the  fup- 
pofed  average  height  of  one  of  their  nefis  is  zz  2880  of  our  feet,  which  is  240  feet 
m#re  thai*  half  a mile,  or  near  five  times  the  height  of  the  great  pyramid ; and,  as  it 
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Thefe  hills  continue  quite  bare  until  they  are  fix  or  eight  feet 
high ; but  in  time  the  dead  barren  clay,  of  which  they  are 
compofed,  becomes  fertilized  by  the  genial  power  of  the  ele- 
ments in  thefe  prolific  climates,  and  the  addition  of  vegetable 
falts  and  other  matters  brought  by  the  wind  ; and  in  the  fecond 
or  third  year,  the  hillock,  if  not  oVer-fhaded  by  trees,  becomes, 
like  the  reft  of  the  earth,  almoft  covered  with  grafs  and  other 
plants ; and  in  the  diy  feafon,  when  the  herbage  is  burnt  up 
by  the  rays  of  the  fun,  it  is  not  much  unlike  a very  large 
hay-cock  (IO)  • 

Every  one  of  thefe  buildings  confifts  of  two  diftindt  parts, 
the  exterior  and  the  interior. 

The  exterior  is  one  large  fhell  in  the  manner  of  a dome, 
large  and  ftrong  enough  to  inclofe  and  (helter  the  interior  from 
the  viciffitudes  of  the  weather,  and  the  inhabitants  from  the 
attacks  of  natural  or  accidental  enemies.  It  is  always,  there- 
fore, much  ftronger  than  the  interior  building,  which  is  the 
habitable  part  divided  with  a wonderful  kind  of  regularity  and 
contrivance  into  an  amazing  number  of  apartments  for  the 
refidence  of  the  king  and,  queen  7 and  the  nurfing  of  their  nu- 

is  proportionably  wide  at  the  bafe,  a great  many  times  its  folid  contents.  If  to  this 
comparifon  we  join  that  of  the  time  in  which  the  different  buildings  are  erected, 
and  confider  the  Termites  as  railing  theirs  in  the  courfe  of  three  or  four  years,  the 
immenfity  of  their  works  fets  the  boalfed  magnitude  of  the  antient  wonders  of 
the  world  in  a mofi:  diminutive  point  of  view,  and  gives  a fpecimen  of  induflry 
and  enterprize  as  much  beyond  the  pride  and  ambition  of  men  as  St.  Paul's 
Cathedral  exceeds  an  Indian  hut. 

(10)  See  a figure  of  one  of  thofe  nelts  in  salmon's  Univerfal  Traveller,  in  the 
map  of  Gambia,  where  it  is  called  a Pifmire  Hill  : there  is  alfo  a figure  of  one 
of  the  labouring  infects  j but  as  the  hill  is  reprefented  below  all  proportion-,  and! 
the  infeft  rather  larger  than  life,  it  gives  no  idea  of  the  building..  I have  not  been 
able  to  find  out  from  what  author  sal.mo.n  took  this  figure  ; and  it  is  the  only  one 
1 have  met  with* 
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inerous  progeny;  or  for  magazines,  which  are  always  fctund 

well  filled  with  {lores  and  provifioiis. 

I lli-all  forbear  at  this  time  entering  into  a very  minute 
account  of  the  infide  Of  thefe  wonderful  buildings,  as  the  bare 
recital  might  appear  tedious;  though  I fiatffer  myfelf,  that 
when  I have  an  opportunity  of  communicating  it  to  the  publick 
.at  large,  the  readers  will  follow  me  through  an  exadt  defcrip- 
tion  of  them  with  pleafiire. 

Thefe  hills  make  their  firft  appearance  above  -ground  by  a 
little  turret  or  two  in  the  Ihape  of  fugar  loaves,  which  are  run 
-a  foot  high  or  more  ("h  Soon  after,  at  Tome  little  diftance, 
while  the  former  are  increafing  in  height  and  fize,  they  raife 
others,  and  fo  go  on  increafing  the  number  and' widening  them 
at  the  hafe,  till  their  works  below  hr'e  covered  with  thefe 
turrets,  which  they  always  raife  the  higheft  and  largeft  in  the 
middle,  and  by  filling  up  the  intervals,  between  each  turret, 
colled  them  as  it  were  into  one  dome. 

They  are  not  very  curious  or  exact  about  thefe  turrets,  ex- 
cept in  making  them  very  folid  and  ftrdng,  and  when  by  the 
junction  of  them  the  dome  is  compleated,  for  which  purpofe 
the  turrets  anfwer  as  lcatfolds,  they  take  away  the  middle  ones 
entirely,  except  the  tops  (which  joined  together  make  the 
crown  of  the  cupola)  and  apply  the  clay  to  the  buildingof  the 
works  within,  or  tb  eroding  frefh  turrets  Tor  file  purpofe  <jf 
raifing  the  hillock  ftill  higher ; To  that  ho  doubt  Tonie  part  of 
the  clay-  is  ufed  feveral  times,  like  the  boards  and  polls  of  a 
roafon’s  Tcaffibld. 


(»*)  Some  of  thefe  turrets  are  reprefehted  in  thevfew  of  their  Mills,  (tab.- 
VII.  fig-  3 % I have  feea  turrets  6a  the  fides  of  thefe  Bells  four  or  five  feet 

high  (tab.  V-Hcfig,  i.  a.  a.  a.).  When 
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When  thefe  hills  are.  at  about  little  more  than  half  their  height, 
it  is  always,  the. praftice  of  the  wild  bulls  to  hand  as  centinels  upon 
them,  while  the  reft  of  the  herd  is  ruminating  below  (tab* 

VII. ).  They  are  fufficiently  ftrong  for  that  purpofe,  and  at  their 
full  height . anftver  excellently  as  places  to  look  out.  1 have 
been  with  four  men  on  the  top  of  one  of  thefe  hillocks.. 
Whenever,  word  was  brought  us  of  a vefiel  in  fight,  we  imme- 
diately. ran  to  fome  Bugga  Bug  hilly:  as  they  are  called,  and 
clambered  up  to  get  a good  view,  for  upon  the  common  iurface; 
it  was  feldom  poffible  to  fee, over  the  grafs  or  plants,  which,  in 
fpite.of  monthly  hrufhings,  generally,  presented  all  horizontal 
views  at  any  diftance. 

The  outward  fhell  or. dome  is  not  only  of  ufe  to  protect  and 
firpport  the  interior  buildings-  from  external  violence  and  the; 
heavy  ri^ains;.  but  to  collect  and  preferve  a regular  degree;  of' 
genial  warmth  and  moilture  which  feems  very  neeefiary  - for 
hatching  the-eggs  and.  claerifliing..the  young  ones. 

The  royal  chamber y which  I call  fo  on  account  of  its  being, 
adapted;  fory;  and  occupied  by,  the  kingrzadi  appears  to- 

be  in  .the.  opinion  of  this  , . little  people  of  the  mpft  consequence* 
being  always  fit uated  as  near  the  center  of  the  interior  building; 
as  poiftble,,  and  generally,  about  the  height  of  the  CQtpniom  fur- 
face  of  the.  ground,  at  a pace  or  two  from  the  hillock.  It  is. 
always  nearly  in  the  fliape  of  half  an  egg  or  an  obtufe  oval, 
within,  and  may  be  fuppofed  to  reppeient  a.  long  oven  (tab?; 

VIII.  fig.  i.  and  2.).  . \ 

In. the  infant  ftate  of  the  colony,  it  is-  not  above, an  inch  or 
thereabout  in  length;  but  in  time-wili  be  increafe.d . to  fix-  or; 
eight  inches  or  more  in  the  clear,  being  aiways  in  proportion  to 
the  fize.  of  the  queen,  who,  inereafing  in  bulk  as  in  age,  at 
length  requires  a chamber,  of  fuch  dimenfions. 


This- 
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This  Angular  part  would  bear  a long  defcrlption,  which  I 
{hall  not  trouble  you  with  at  prefent,  and  only  obferve,  that 
its  floor  is  perfectly  horizontal ; and  in  large  hillocks,  fome- 
times  an  inch  thick  and  upward  of  folid  clay.  The  roof  alfo, 
which  is  one  folid  and  well-turned  oval  arch,  is  generally  of 
about  the  fame  folidity,  but  in  fome  places  it  is  not  a quarter 
of  an  inch  thick,  this  is  on  the  fldes  where  it  joins  the  floor 
(tab.  VIII.  fig-  i.  a.  a.),  and  where  the  doors  or  entrances 
are  made  level  therewith  at  pretty  equal  diftances  from  each 

other  (tab.  VIII.  fig-  2.  and  4.  b.  b.) 

Thefe  entrances  wrill  not  admit  any  animal  larger  than  the 
foldiers  or  labourers,  fo  that  the  king,  and  the  queen  (who  is,  at 
full  fize,  a thoufand  times  the  weight  of  a king)  can  never  pof- 

fibly  go  out. 

The  royal  chamber,  if  in  a large  hillock,  is  furrounded  by 
an  innumerable  quantity  of  others  of  different  fizes,  (hapes, 
and  dimenfions  ; but  all  of  them  arched  in  one  way  or  another, 
fometimes  circular,  and  fometimes  elliptical  or  oval. 

Thefe  either  open  into  each  other  or  communicate  by  paf- 
{ages  as  wide,  and  being  always  empty  are  evidently  made  for 
the  foldiers  and  attendants,  of  whom  it  will  foon  appear  great 
numbers  are  neceflary,  and  of  courfe  always  in  waiting. 

Thefe  apartments  are  joined  by  the  magazines  and  nurferies. 
The  former  are  chambers  of  clay,  and  are  always  well  filled 
with  provifions,  which  to  the  naked  eye  feem  to  confift  of  the 
rafpings  of  wood  and  plants  which  the  Termites  deftroy,  but 
are  found  in  the  microfcope  to  be  principally  the  gums  or  in- 
fpiflated  juices  of  plants.  Thefe  are  thrown  together  in  little 
mafifes,  fome  of  which  are  finer  than  others,  and  refemble  the 
fugar  about  preferved  fruits,  others  are  like  tears  of  gum,  one 
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quite  tranfparent,  another  like,  amber,  a third  brown,  and  a 
fourth  quite  opaque,  as  we  fee  often  in  parcels  of  ordinary 
gums. 

Thefe  magazines  are  intermixed  with  the  nurferies,  which 
are  buildings  totally  different  from  the  reft  of  the  apartments  v 
for  thefe  are  compofed  entirely  of  wooden  materials,  feemingly 
joined  together  with  gums,  I call  them  the  nurferies  becaufe 
they  are  invariably  occupied  by  the  eggs,  and  young  ones*  which1 
appear  at  firft  in  the  ihape  of  labourers,  but  white  as'fnow. 
Thefe  buildings  are  exceeding'  compact,  and  divided  into  many 
very  fmall  irregular-fhaped  chambers*  not  one  of  which  is  to* 
be  found  of  half  an  inch  in  width  (tab,  VIII.  fig.  5.).  They  arc 
placed,  all  round, the  royal  apartments,  and  as  near  as  poflible  to-> 
therm 

When  the  neft  is  in  the  infant  ftate,  the  nurferies  are  clofe 
to  the  royal  chamber  ; but  as  in  procefs  of  time  the  queen 
enlarges,  it  is  neceflary  to  enlarge  the  chamber  for  her  accom- 
modation ; and  as  fhe  then  lays  a greater  number  of  eggs,  and 
requires  a greater  number  of  attendants,  fo  it  is  neceflary  to 
enlarge  and  encreafe  the  number  of  the  adjacent  apartments  ; 
for  which  purpofe  the  fmall  nurferies  which  are  firft  built  are 
taken  to  pieces,  rebuilt  a little  farther  off  a fize  bigger,  and 
the  number  of  them  encreafed  at  the  fame  time. 

Thus  they  continually  enlarge  their  apartments,  pull  down,* 
repair,  or  rebuild,  according  to  their  wants,  with  a degree  of 
fagacity,  regularity,  and  forefight,  not  even  imitated  by  any 
other  kind' of  animals  or  infefts  that  I have  yet  heard  of. 

There  is  one  remarkable  circumftance  attending  the  nur- 
feries, which  I muft  not  at  this  time  omit..  They  are  always- 
found  {lightly  overgrown  with  mould  (tab.  \ III;  fig.  6),  and 
plentifully  fprinkled  with  fmall  white  globules  about  the  fize 
of  a fmall  pin’s  head.  Thefe  at  firft  I took  to  be  the  eggs  ; but, 
Vol.  LX  XL.  X. 


on. 
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©n  bringing  them  to  the  micro fcope,  they  evidently  appeared  to 
be  a fpecies  of  mufhroona,  in  ffiape  like  our  eatable  mufti- 
roorn  in  the  young  ftate  in  which  it  is  pickled  (tab.  VIII.  fig.  7.)* 
They  appear,  when  whole,  white  like  fnow  a little  thawed 
and  then  frozen  again,  and  when  bruifed  feem  compofed  of  an 
infinite  number  of  pellucid  particles,  approaching  to  oval  forms 
and  difficult  to Separate  ; the  mouldinefs  fee  ms  like  wife  to  be. 
the  fame  kind  of  fubftance  (I2V 

The  nurferies  are  inclofed  in  chambers  of  clay,  like  tliofe 
which  contain  the  provifionSj  but  much  larger*  In  the  early 
ftate  of  the  neft  they  are  not  bigger  than  an  hazel-nut,,  but  in 
great  hills  are  often  as  large  as  a child’s  head  of  a year  old. 

The  difpofition  of  the  interior  parts  of  thefe  hills  is  pretty 
much  alike,  except  when  feme  infurmountable  obftacle  prevents ; 
for  inftance,  when  the  king  and  queen  have  been  firft  lodged  near 
the  foot  of  a rock  or  of  a tree,  they  are  certainlv  built  out  of  the- 

j j 

ufual  form,  otherwife  pretty  nearly  according  to  the  following 
plan. 

The  royal  chamber  is  fituated  at  about  a level  with  the  fur- 
face  of  the  ground,  at  an  equal  diftance  from  all  the  fides  of 
the  building,,  and  direftly  under  the  apex,  of  the  hill  (tab.  VIL 
fig,  2.  A,  A X 

(12)  Mr  konig,  who ' has  examined  thefe  kind  of  nefbs  in  the  Baft  Indies,  in  an 
EfThy  upon. the  Termites,  read  before  the  Society  of  Naturalifts  of  Berlin,  con- 
jedtures,  that- thefe  muilirOoms  are  the  food  of  the  young  infedts.  This  fuppofition 
implies,  that  the  old  ones  have  a method  of  providing  for  and  promoting  their 
growth  j a circumllance  which,  however  ftrange  to  thofe  unacquainted  with  the 
fagacity  of  thefe  Infedts,  I will  venture,  to  fay,  from. many  other  extraordinary  fadts 
I.  have  feen  of  them,  is  not  very  improbable. 

N.  B.  Mi.  konig  has  not  difcoyered  the  magazines  of  provilions  in  the  nefls 
which  he  opened,  as  far  as  I am  informed ; but  I mull  obferve  hefe,  that  what  I 
have  learned  of  this  gentlemams  account  was  from  an  extempore  tranflation. of  the 
heads  of  it. 


in 
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It  is  011  ail  lides,  both  above  and  below,  furrounded  by 
what  I fihould  call  the  royal  apartments , which  have  only  la- 
bourers and  foidiers  in  them,  and  can  be  intended  for  no  other 
purpofe  than  for  thefe  to  wait  in,  either  to  guard  or  ferve  their 
common  father  and  mother,  on  whofe  fafety  depends  the 
happinefs,  and,  according  to  the  negroes,  even  the  exigence 
of  the  whole  community. 

Thefe  apartments  compofe  an  intricate  labyrinth,  which  ex- 
tends a foot  or  more  in  diameter  from  the  royal  chamber  on 
every  fide.  Here  the  nurferies  and  magazines  of  provifions  be- 
gin, and,  being  feparated  by  fmall  empty  chambers  and  galleries, 
which  go  round  them  or  communicate  from  one  to  the  other, 
are  continued  on  all  ddes  to  the  outward  {hell,  and  reach  up 
within  it  two-thirds  or  three-fourths  of  its  height,  leaving  an 
open  area  in  the  middle  under  the  dome,  which  very  much 
refembles  the  nave  of  an  old  cathedral : this  is  furrounded  by 
three  or  four  very  large  Gothic-fhaped  arches,  which  are  fome- 
times  two  or  three  feet  high  next  the  front  of  the  area,  but 
diminifh  very  rapidly  as  they  recede  from  thence  like  the  arches 
of  aides  in  perfpedtives,  and  are  foon  loft  among  the  innume- 
rable chambers  and  nurferies  behind  them. 

All  thefe  chambers,  and  the  paffages  leading  to  and  from 
them,  being  arched,  they  help  to  fupport  one  another ; and 
while  the  interior  large  arches  prevent  them  falling  into  the 
center,  and  keep  the  area  open,  the  exterior  building  fupports 
them  on  the  outfide. 

There  are,  comparatively  fpeaking,  few  openings  into  the 
great  area,  and  they  for  the  moft  part  feem  intended  only  to 
admit  that  genial  warmth  into  the  nurferies  which  the  dome 

colleds. 
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The  interior  building  or  afiemblage  of  nurferies,  chambers, 
&c.  has  a flattifh  top  or  roof  without  any  perforation,  which 
would  keep  the  apartments  below  dry,  in  cafe  through  accident 
the  dome  fhould  receive,  any  injury  and  let  in  water ; and  it  is 
never  exadily  flat  and  uniform,  becaufe  they  are  always  adding 
to  it  by  building  more  chambers  and  nurferies  : fo  that  the 
divifions  or  columns  between  the  future  arched  apartments  ' re- 
ferable the  pinnacles  upon  the  fronts  of  fome  old  buildings,  , 
and  demand  particular  notice  as  affording  one  proof  that  for  the 
mod  part  the  infects  projedt  their  arches,  and  do  not  make  them, . 
as  I imagined  for  a long  time,  by  excavation  (tab.  VII.  fig.  2.  b.). 

The  area  has  alfo  a flattifh  floor,  which  lays  over  the  royal- 
chamber,  but  fometimes  a good  height  above  it,  having  nurfe- 
ries and  magazines  between  (tab.  VII.  fig.  2.  c*)»  Itis  like  wife 
water-proof,  and  contrived,  as  far  as  1 could  guefs,  to  let  the 
water  off,  if  it  fhould  get  in,  and  run  over  by  fome  fhort  way. 
into  the  fubterraneous  paffages  which  run  under  the  loweft  ap- 
artments in  the  hill  in  various  directions,  and  are  of  an  aftonifh- 
ing  fize,  being  wider  than  the  bore  of  a great  cannon.  I have  a 
memorandum  of  one  I meafured,  perfectly  cylindrical,  and 
thirteen  inches  in  diameter  (tab.  VII.  fig.  2.  d.  d.)> 

Thefe  fubterraneous  paffages  or  galleries  are  lined  very  thick 
with  the  fame  kind  of  clay  of  which  the  hill  is  compofed,  and 
afcend  the  infide  of  the  outward  fhell  in  a fpiral  manner,  and 
winding  round  the  whole  building  up  to  the  top  interfedl  each 
other  at  different  heights,  opening  either  immediately  into  the 
dome  in  various  places,  and  into  the  interior  building,  the  new  I 
turrets,  &c.  or  communicating  thereto  by  other  galleries  of 
different  bores  or  diameters,  either  circular  or  oval. 

From  every  part  of  thefe  large  galleries  are  various  fmall 

pipes  or  galleries  leading  to  different  parts  of  the  building. 

Under 
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Underground  there  are  a great  many  which  lead  downward  by 
doping  defcents  three  and  four  feet  perpendicular  among  the 
gravel,  from  whence  the  labouring  Termites  cull  the  finer  parts, 
which,  being  worked  up  in  their  mouths  to  the  confidence  of 
mortar,  becomes  that  folid  clay  or  done  of  which  their  hills 
and  all  their  buildings,  except  their  nurferies,  are  compofed. 

Other  galleries  again  afcend  and  lead  out  horizontally  on  i 
every  fide,  and  are  carried  under  ground  near  to  the  furface  a 
vad  didance  : for  if  you  dedroy  all  the  neds  within  one  him-  • 
dred  yards  of  your  houfe,  the  inhabitants  of  thofe  which  ure 
left  unmoleded  farther  off  wilh  neverthelefs  carry  on  their  fub- 
terraneous  galleries,'  and  invade  the  goods  and  merchandizes 
contained  in  it  by  fap  and  mine,  sand  do  great  mifchief,  if  you  : 
are  not  very  circumfpedt. 

But  to  return  to  the  cities  from ' whence  thefe- extraordinary 
expeditions  and  operations  originate,  it  feems  there  is*  a degree 
of  neceffity  for  the  galleries  under  the  hills  being  thus  large, 
being  the  great  thoroughfares  for  all  the  labourers  and  foldiers 
going  forth  or  returning  upon  any  bufinefs  whatever,  -whether 
fetching  clay,:  wood,  water,  orprovifions  ; and  they  are  certainly 
well  calculated  for  the,purpofes  to  which  they  are  applied,  by 
thefpiral  dope  wdiich  is  given  them ; for  if  they  were  perpendi- 
cular the  labourers  would  not  be  able  to  carry  on  their  building 
with  fo  much  facility,  as  they  afcend  a perpendicular  with  great 
difficulty,  and  the  foldiers  can  fcarce  do  it  at  all.  It  is  on  this 
account  that  fometimes  a road  like  a ledge  is  made  on  the  per- 
pendicular fide  of  any  part  of  the  building  within  their  hill, 
which  is  flat  on  the  upper  furface,  and  half  an  inch  wide, 
and  afcends  gradually  like  a ftair-cafe,  or  like  thofe  roads  which 
are  cut  on  the  fides  of  hills  and  mountains,  that  would  other- 

wife  . 
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wife  be  inacceffible  : by  which,  and  fimilar  contrivances,  they 
travel  with  great  facility  to  every  interior  part. 

This  too  is  probably  the  caufe  of  their  building  a kind  of 
bridge  of  one  vaft  arch,  which  anfwers  the  purpofe  of  a flight 
of  flairs  from  the  floor  of  the  area  to  fome  opening  on  the  fide 
■of  one  of  the  columns  which  fupport  the  great  arches,  which 
muft  fhoTten  the  diftance  exceedingly  to  thofe  labourers  who 
have  the  eggs  to  carry  from  the  royal  chamber  to  fome  of 
■the  upper  nurferies,  which  in  fome  hills  would  be  four  or  five 
feet  in  the  ftraighteft  line,  and  much  more  if  carried  through 
all  the  winding  paflages  which  lead  through  the  inner -cham- 
bers and  apartments. 

I 'have  a memorandum  of  one  of  thefe  bridges,  half  an  inch 
'broad,  a quarter  of  an  inch  thick,  and  ten  inches  long,  mak- 
ing the  fide  of  an  elliptic  arch  of  proportionable  fize  ; fo  that 
it  is  wonderful  it  did  not  fall  over  or  break  by  its  own  weight 
before  they  got  it  joined  to  the  fide  of  the  column  above.  It 
was  ftrengthened  by  a final  1 arch  at  the  bottom,  and  had  a 
hollow  or  groove  all  the  length  of  the  upper  furface,  either 
made  purpofely  for  the  inhabitants  to  travel  over  with  more 
fafety,  or  elfe,  which  is  not  improbable,  worn  fo  by  frequent 
treading  (tab.  VII.  fig.  2.  £.  e.). 

Thus  I have  defcribed,  as  briefly  as  the  fubjefi:  would  admit, 
and  I truft  without  exaggeration,  thofe  wonderful  buildings 
whofe  fize  and  external  form  have  often  been  mentioned  by 
travellers,  but  whofe  interior  and  more  curious  parts  are  fo 
little  known,  that  I may  venture  to  confider  my  account  of 
them  as  new,  which  is  the  only  merit  it  has:  for  they  are 
xonftrudted  upon  fo  different  a plan  from  any  thing  elfe  upon  the 
.earth,  and  fo  complicated,  that  I cannot  find  words  equal  to 
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the  talk,  and  muft  therefore  refer  to  the  different  figures, 
which,  however  extraordinary,  fcarce  do  juftice  to  the  fubjedls. 

The  nefts  before  defcribed  are  fo  remarkable  on  account  of 
their  fize,,  that  travellers  have  feldom,  where  they  were  to  be 
feen,  taken  notice  of  any  other ; and  have  generally,  when 
1 peaking  of  white  Ants,  defcribed  them  as  inhabitants  of  thofe 
hills.  Thofe,  however,  which  are  built  by  the  fmaller  fpecies 
of  thofe  infefts,  are  very  numerous,  and  fome  of  them  exceeds 
ingly  worth  our  attention  ,;  one  fort  in  particular,  which  from 
their  form  I have  named  turret  nefts.  Thefe  are  a great  deal 
lefs  than  the  foregoing,  and  indeed  much  lefs  in  proportion  to 
the  fize  of  the  builders ; but  their  external  form  is  more 
curious,  and  their  folidity  confidered  they  are  prodigious 
buildings  for  fo  final!  an  animal  to)  a . 

Thefe  buildings  are  upright  cylinders  compofed  of  a well-- 
tempered. black . earth-  or  clay,  about  three  quarters  of  a yard 
high,  and  covered  with  a roof  of  the  fame  material  in  the 
Ihape  of  a cone,  whofe  bafe  extends  over  and  hangs  dowra 
three  or  four  inches  wider  than  the  perpendicular  fides  of  the 
cylinder,  fo  that  moft  of  them  referable  in  fhape  the  body 
of  a round  wind-mill  ; but  fome  of  the  roofs  have  fo  little  ele- 
vation in  the  middle,  that  they,  are  pretty  much  in  the  fhape 
of  the  top  of  a full-grown  mufhroom  (tab.  IX.  fig.  1.) 

After  one  of  thefe  turrets  is  finifhed,  it  is  not  altered  or  en- 
larged ; but  when  no  longer  capable  of  containing  the  commu- 
nity* the  foundation  of  another  is  laid  within  a.  few  inches  of 
it.  Sometimes,,  though  but  rarely,  the  fecond  is  begun  before  ~ 
the  firft  is,  finifhed,  and  a third  before  they  have  completed 

to)  If  their  height  is  eftimated  and  computed  by  the  fize  of  the  builders,  and 
compared  with  ours  upon  the  like  fcale  ; each  of  them  is  four  or  five  times  the 
height  of  the  monument,  and  a great  many  times  its  folid  contents. 

fecond; 
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fecond : thus  they  will  run  up  five  or  fix  of  thefe  turrets  at  the  1 
foot  of  a tree  in  the  thick  woods,  and  make  a paoft  Angular 
group  of  buildings  (tab.  IX.). 

The  turrets  are  fb  ftrongly  built,  that  in  cafe  of  violence  they 
will  much  fooner  overfet  from  the  foundation,  and  tear  up  the 
gravel  and,  folid  earth,  than  break  in  the  middle  ; and  in  that  i i 
cafe  the  infects  will  frequently  begin  another  turret  and  build 
: it,  as  it  were,  through  that  which  is  fallen  ; for  they  will  con- 
ned the  cylinder  below  with  the  ground,  and  run  up  a new 

- turret  from  its  upper  fide,  fo  that  it  will  feem  to  reft  upon  the 
^horizontal  cylinder  only  (tab.  IX.  fig.  5.). 

■I  have  not  obferved  any  thing  elfe  about  thefe  nefts  that  is- 
remarkable,  except  the  quality  of  the  black  brown  clay,  which 
is  as  dark  coloured  as  rich  vegetable  mould,  but  bums  to  an  i 
. exceeding  fine  and  clear  red  brick.  Within,  the  whole  building 
is  pretty  equally  divided  into  innumerable  cells  of  irregular 
■fhapes  ; fometimes  they  are. quadrangular  or  cubic,  and  fome- 
; times  pentagonal ; but  often  the  angles  are  fo  ill  defined,  that ' 
each  half  of  a cell  will  be  fhaped  like  the  infide  of  that  fhell 

- which  is  called  the  Sea-ear. 

Each  cell  has  two  or  more  entrances,  and  as  there  are  no! 
pipes  or  galleries,  no  variety  of  apartments,  no  well-turned 
arches,  wooden  nutferies,  &c.  &c.  they  do  not  by  any  means 
excite  our  admiration  fo  much  as  the  hill  nefts,  which  are 
indeed  coliedtions  of  wonders. 

There  are  two  ftzes  of  thefe  turret  nefts,  built  by  two  dif- 
ferent fpeeies  of  Termites.  The  larger  fpecies,  the  Rennes  atrox9 
In  its  perfect  ftate  meafures  one  inch  and  three-tenths  from  the 
extremities  of  the  wings  on  the  one  fide  to  the  extremities  on 
the  ether  (tab.  X.  fig.  14  )*  The  lefier  fpecies,  Termes  mordax9 

meafures 
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meafures  only  eight-tenths  of  an  Inch  from  tip  to  tip  (tab.  X. 

fig.  io. 

The  next  kind  of  nefts,  built  by  another  fpecies  of  this 
genus,  the  Ter  me  s arborum , have  very  little  refemblance  to  the 
former  in  fhape  or  fubftance.  Thefe  are  generally  fpherical  or 
oval,  and  built  in  trees  (*4).  Sometimes  they  arefeated  between 
the  arms  and  the  items  of  trees,  and  very  frequently  may  be 
feen  furrounding  the  branch  of  a tree  at  the  height  of  feventy 
or  eighty  feet;  and  (though  but  rarely  of  fo  large  a fize)  as 
big  as  a very  great  fugar  cafkds)  (i6). 

They  are  compofed  of  fmall  particles  of  wood  and  the  various 
gums  and  juices  of  trees,  combined  with,  perhaps,  thofe  of  the 
animals,  and  worked  by  thofe  little  induftrious  creatures  into  a 
pafte,  and  fo  moulded  into  innumerable  little  cells  of  very  dif- 
ferent and  irregular  forms,  which  afford  no  amufing  variety  and 
nothing  curious,  but  the  immenfe  quantity  of  inhabitants,  young 
and  old,  with  which  they  are  at  all  times  crouded  ; on  which  ac- 
count they  are  fought  for  in  order  to  feed  young  fowls,  and  efpe- 
daily  for  the  rearing  of  Turkies.  Thefe  nefts  are  very  corn- 
pad:,  and  fo  ftrongly  attached  to  the  boughs  on  which  they  are 
fixed,  that  there  is  no  detaching  them  but  by  cutting  them  in 
pieces,  or  fawing  off  the  branch ; and  they  will  fuftain  the 
force  of  a tornado  as  long  as  the  tree  on  which  they  are  fixed. 

(h)  The  colour  of  thefe  nefts,  like  that  of  the  roofed  turrets,  is  black,  from 
which,  and  their  irregular  furface  and  orbicular  fhape,  they  have  been  called 
Negro  Heads  by  our  firft  writers  on  the  Carribbee  Hands,  and  by  the  French, 
Tetes  des  Negres , See  hunter’s  Evelyn’s  silva,  p.  17. 

I have -never  been  able  to  difcover  what  author  Mr.  evelyn  alludes  to  in  this 
mention  of  the  Negro  Heads. 

O5)  long’s  Jamaica,  vol.  III.  p.  887. 

(l6)  sloane’s  Jamaica,  vol.  II,  p.  221.  and  fequel. 

Vql.  LXXI.  Y 
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This  fpecies  has  the  external  habit,  fize,,.and  almofi  the  colour* 

of  the  Tcrmes  atrox  (tab.  X.  fig,  21.). 

The  re  are  fome  nejft&  built  iix  thefe- fetidy  plains  which  we 
call,  after  the  Spaniards,  Savannas T that  refemble  the  hill 
nefts  firft  defcribed.  They  are  compofed  of  a black  mud,  which 
is  brought  from  a few  inches  below  the  white  fend,  and  are* 
built  in  the  form  of  an  imperfect  cane*  or  bell-fhaped,  having 
their  tops  rounded.  Thefe  nefts..  are  generally  about  four  or 
five  feet  high  C1?).  As  I few  thefe  only  in  paffing  through 
various  Savannahs  upon  other  purfuits,  I can  fey  very  little  of  . 
their  interior  parts.  They  feemed  to  be  inhabited  by  nearly  as  | 
large  infedts,  differing  very  little  except  in  colour,  which  is.  j 
lighter,  than  that  of  the  Termites  belli 'cofu 

Having  given  feme  idea  of  the  nefts*  I fhall  beg  your  patient, 
reading  of  a more  particular  account  of  the  infedls  themfelves, 
which  will  be  exceeding  neceffary  to  a tolerable  acquaintance 
with  their  oeconomy  and  management,,  their  manner  of  build- 
ing, fighting,  and' marching,,  and  to  a more  particular  account: 
of  their  ufes  in  the.  creation,  and  of  the  vaft  mifchief  they 

caufe  to-mankind. 

...... 

(if)  u The  nefrs  of  Ants  are  about  four  feet  wide  at  the  bafe,-  and  two  high,'. 

84  of  an  hemispherical  form.  Though  made  in  loofe  fand,  they  are  fo  hard  as' 
not  to  be  broken  without,  great  efforts,  and  a laden  cart  could  not  break 
“■  through* — -In  O6tober  and  November  they  add  a new  ftory.  * — The  Cochons 
de  Terre.  (theXefL Ant -eater  of  Mr.  pennant)  make  holes  in  thefe  nefts  eight 
inches  in  diameter  and  fix  deep  ; arid  having  destroyed  the  inhabitants,  the  neji-i 
84  is  abandoned , hut  fometimes  the  Ants  repair  it.'*  This  laft  paragraph  feems 
rather  founded- on  conje£ture.  Voyage  au  Gap.  par  M.  L’Abbe  de  la  caille,  ■ 
P?  3°5 — 356* 

oviEDo  alfo  fays  Ants  make  hillocks  as  high  as  .a  man, 

iftmong 
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Among  thefe  you  will  find,  I muft  confefs,  feme  very- 
extraordinary  relations,  and  many  that  do  not  admit  a pofti- 
bility  of  demonfliration  ; flich  is  the  defcription  of  the  form  of 
an  army  of  the  Termites  viarum  marching,  and  the  account 
of  the  regularity  ufed  by  the  Termites  belhcofi  in  repairing  a 
breach  in  their  hills.  But  the  very  lingular  fails,  of  which 
you  have  the  proofs  before  you,  are  fufficient  1 fhould  conceive 
to  procure  me  belief  for  the  others.  Should  any  perfon  doubt, 
I would  wifh  them  to  confider,  that  a ftudent  of  natiire 
and  nature’s  laws,  in  any  matter  relating  thereto,  has  no  temp- 
tation to  tranfgrefs  the  bounds  of  truth.  I am  very  fen fi bits, 
that  the  works  of  the  creation,  and  the  order  thereof,  are 
eftablifhed  in  the  higheft  wifdom  ; that  it  is  as  abfurd  to  attempt 
to  exaggerate  as  to  detrail  from  them  ; and  can  only  ferve  to 
expofe  the  ignorance  of  him  who  attempts  it.  Befides,  what 
I have  here  advanced  muft  be  confirmed  or  contradiiled  in  two 
or  three  years,  fince  it  will  doubtlefs  be  examined  into  by  all 
the  curious  who  vifit  tropical  regions. 

I have  obferved  before,  that  there  are  of  every  fpecies  of 
Termites  three  orders ; of  thefe  orders  the  working  infeils  or 
labourers  are  always  the  mod  numerous ; in  the  Terrnes  belllcofus 
there  feems  to  be  at  the  leaftone  hundred  labourers  toone  of  the 
fighting  infeils  or  foldiers.  They  are  in  this  ftate  about  one- 
fourth  of  an  inch  long,  and  twenty-five  of  them  weigh  about  a 
grain  ; fo  that  they  are  not  fo  large  as  feme  of  our  ants  (tab.  X. 
fig.  6.).  From  their  external  habit  and  fondnefs  for  wood,  they 
have  been  very  expreflively  called  Wood  Lice  by  feme  people,  and 
the  whole  genus  has  been  known  by  that  name,  particu- 
larly among  the  French.  They  referable  them,  it  is  true, 
very  much  at  a diftance,  but  they  run  as  faft  or  falter  than  any 

Y2  other 
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other  infers  of  their  lize,  and  are  inceffantly  hurtling  about 

their  affairs  08). 

The  fecond  order,  or  foldiers,  have  a very  different  form  from 
the  labourers,  and  have  been  by  feme  authors  fuppofed  to  be 
the  males,  and  the  former  neuters ; but  they  are,  in  fact,  the 
fame  infects  as  the  foregoing,  only  they  have  undergone  a 
change  of  form,  and  approached  one  degree  nearer  to  the  per- 
fect ftate.  They  are  now  much  larger,  being  half  an  inch 
long,  and  equal  in  bulk  to  fifteen  of  the  labourers  (tab.  X. 

%• 8)- 

There  is  now  likewife  a moft  remarkable  circumftance  in  the 
form  of  the  head  and  mouth  ; for  in  the  former  ftate  the  mouth  is 
evidently  calculated  for  gnawing  and  holding  bodies  ; but  in  this 
ftate,  the  jaws  being  fhaped  juft  like  two  very  fharp  awls  a 
little  jagged  (tab.  X.  fig  9.),  they  are  incapable  of  anything 
but  piercing  or  wounding,  for  which  purpofes  they  are  very 
effeftual,  being  as  hard  as  a crab’s  claw,  and  placed  in  a 
ftrong  horny  head,  which  is  of  a nut-brown  colour,  and 
larger  than  all  the  reft  of  the  body  together,  which  feems  to 
labour  under  great  difficulty  in  carrying  it : on  which  account 
perhaps  the  animal  is  incapable  of  climbing  up  perpendicular 
fur  faces. 

The  third  order,  or  the  infeft  in  its  perfect  ftate,  varies  its 
form  ftill  more  than  ever.  The  head,,  thorax,  and  abdomen, 
differ  almoft  entirely  from  the  fame  parts  in  the  labourers  and 
foldiers  ; and,  belidesthis,  the  animal  is  now  furnifhed  "with  four 
fine  large  brownifh,  tranfparent,  wings,  with  which  it  is  at  the 

time  of  emigration  to  wing  its  way  in  fearch  of  a new  fettle- 

\ "... 

(l8)  rochfort,  in  the  Hiftory  of  the  Carribee  Iflands,  calls  them  Wood  Lice, 
and  mentions  the  deltru&ion  they  mahe‘  &c.  p.  14-9,- 
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ment  to X la  jfhort,  it  differs  fo  much  from  its  form  and  appear- 
ance in  the  other  two  ftates,  that  it  has  never  been  fuppofed  to 
be  the  fame  animal,  but  by  thofe  who  have  feen  it  in  the 
fame  neft ; and  fome  of  thefe  have  diftrufted  the  evidence  of 
their  fenfes.  It  was  fo  long  before  I met  with  them  in  the  nefts 
myfelf,  that  I doubted  the  information  which  was  given  me  by 
the  natives,  that  they  belonged  to  the  fame  family  (tab.  X.  fig, 
1.)  Indeed  we  may  open  twenty  nefts  without  finding  one 
winged  one,  for  thofe  are  to  be  found  only  juft  before  the  com- 
mencement of  the  rainy  feafon,  when  they  undergo  the  laft 
change,  which  is  preparative  to  their  colonization*.  Add  to 
this,  they  fometimes  abandon  an  outward  part  of  their 
building,  the  community  being  diminifhed  by  fome  acci- 
dent to  me  unknown.  Sometimes  too  different  fpecies  of 
the  real  Ant  (Formica)  poifefs  themfelves  by  force  of  a 
lodgement,  and  fo  are  frequently  diflodged  from  the  fame 
neft,  and  taken  for  the  fame  kind  of  infedts;  This  I know 
is  often  the  cafe  with  the  nefts  of  the  fmaller  fpecies, 
which  are  frequently  totally  abandoned  by  the  Termites, 
and  completely  inhabited  by  different  fpecies  ©f  Ants*  Cock- 
roaches,-Scolopendrae,  Scorpions,  and  other  vermin,  fond  of 
obfcure  retreats,  that  occupy  different  parts  of  their  roomy 
buildings;  which  clearly  accounts  for  your  having  met  with 
the  real  Ants  in  thofe  nefts  in  New  Holland, 

(19)  <1  There  is  a fort  that  frequently  flies,  having  red  wings.  — This  flying 
c<  fort  flings  up  the  largefl:  hills,  and  is  wonderfully  nimble  and  indu&rions.” 
kolbein’s  Cape  of  Good  Hope,  8vo,  vol.II.  p.  17^. 

dapper  calls' the  Wood  Ants  Acolalan , and  fays  it  becomes  as  big  as  one's ' 
thumb,  and  then  takes  wing,  Defcription  de  l’Afrique,  folio,  p.  459* 

Iat 
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In  the  winged  ftate  they  have  alfo  much  altered  their  fize  as 
well  as  form.  Their  bodies  now  meafure  between  fix  and  feven 
tenths  of  an  Inch  in  length,  and  their  wings  above  two  inches 
and  a half  from  tip  to  tip,  and  they  are  equal  in  bulk  to  about 
thirty  labourers,  or  two  foldlers.  They  are  now  alfo  fur- 
.nifhed  with  two  large  eyes  placed  on  each  fide  of  the  head, 
and  very  confpicuous ; if  they  have  any  before,  they  are  not 
.eafily  to  be  diftinguifhed.  Probably  in  the  two  firft  fates, 
their  eyes,  if  they  have  any,  may  be  fmali  like  thofe  of 
-moles;  for  as  they  live  like  thefe  animals  always  under- 
ground, they  have  as  little  occafion  for  thefe  organs,  and  it 
fs  not  to  be  wondered  at  that  we  do  not  difcover  them ; but 
the  cafe  is  much  altered  when  they  arrive  at  the  winged 
fate  in  which  they  are  to  ,roam,  though,  but  for  a.  few 
hours,  through  the  wide  air,  and  explore  new  and  difant 
regions.  In  this  form  the  animal  comes  abroad  during  or  foon 
after  the  firft  tornado,  which  at  the  latter  end  of  the  dry  feafon 
proclaims  the  approach  of  the  enfuing  rains,  and  feldom 
waits  for  a fecond  or  third  fhower,  if  the  firft,  as  is  generally 
the  cafe,  happens  in  the  night,  and  brings  much  wet  after  it  (20h 
The  quantities  that  are  to  be  found  the  next  morning  all  over 
the  furface  of  the  earth,  but  particularly  on  the  waters,  is 
aftonifhing ; for  their  wings  are  only  calculated  to  carry  them 

Oo)  “ At  night  I viflted  Mr.  harrison  on  hoard  the  (loop  ; during  the  time 
we  had  ft  dreadful  tornado,  in  which  a fort  of  large  flies  with  long  wings  came 
•“  on  board  in  fuch  prodigious  numbers,  that  flying  into  the  flames  of  the 
“ candles,  the  table  was  foon  covered  with  thofe  that  burnt  their  wings;  and 
others,  which  were  not  burnt,  as  they  walked  along  the  table  flied  their  wings,, 
and  then  were  nothing  but  fo  many  perfed  large  maggots.”  June  io,  i?32* 
poor’s  Travels,  p.  ^ 
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a few  hours,  and  after  the  riling  of  the  fun  not  one  in  a*  thou- 
land  is  to  be  found  with  four  wings,  unlefs  the  morning  con- 
tinues rainy,  when  here  and  there  a folitary  being  is  feen  wing- 
ing its  way  from  one  place  to  another,  as  if  folicitous  only  to' 
avoid  its  numerous  enemies,  particularly  various'  fpecies  of 
Ants  which  are  hunting  on  every  fpray,  on  every  leaf,  and  in 
every  poffible  place,  for  this  unhappy  race,  of  which  probably 
not  a pair  in  many  millions  get  into  * a place  of  fafety,  fulfil 
the  firft  law  of  nature,  , and  lay  the  foundation  of  a new  com- 
munity. 

Not  only  all  kinds  of  ahts,  birds,  and  carnivorous  ' reptiles,  , 
as  well  as  infefts,  are  upon  the  hunt  for  them,  but  the  inha-' 
bitants  of  many  countries,  and  particularly  of  that  part  of 
Africa  where  L was,  eat  them  (m)  (25> 

On- 

(20  Mr.  konig,  in  an-  Eflay  uponr  thefe-  Infe£tS,  read  before  the  Society  of 
Naturalifts  of  Berlin,  lays,  That,  in  fome  parts  of  the  Fa  ft  Indies,  the  queens 
are  given  alive  to  old  men  for  lengthening the  back,  and  that  the  natives  have  a 
method  of  catching  the  winged  infects,  which  he  calls  females,  before  the  time 
of  emigration.  They  make  two  holes  in  the  neft ; the  one  to  windward,  and 
the  other  to  leeward.  At  the  leeward  opening  they  place  the  mouth  of  a 
ppt,  previoufly  rubbed  within  with  an  aromatic  herb  called  Betgetai  which  is’ 
more  valued  there  than  the  laurel  in  Europe.  On  the  windward  fide  they 
make  a fire  of  ftinking  materials,  which  not  only  drives  thefe  infers  into  the  pots, 
but  frequently  the  hooded  fnakes  alfo,  on  which  account  they  are  obliged  to  be 
cautious  in  removing  them.  By  this  method  they1  catch  great  quantities,  of 
which  they  make  with  flour  a variety  of  paltry,  which  they  can  afford  to  fell  very 
cheap  to  the  poorer  ranks  of  people.  Mr.  konig  adds,  that  in  feafons  when 
this  kind  of  food  is  very  plentiful,  the  too  great  ufe  of  it  brings  on  an  epidemic 
colic  and  dyfentery,  which  kills  in  two  or  three  hours,  - 

I have  ' 
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On  the  following  morning,  however,  as  I have  obferved, 
they  are  to-be  feen  running  upon  the  ground  in  chace  of  each 
. • r ■;?  other 

f , f _ ...  u ^ 

I haVetiot  found  the  Africans  fo  ingenious  in  .procuring  or  drafting  them.  The/ 
Jare  dahteAt  with  a very  fmall  part  of  thofe  which,  at  the  time  of  fwarming,  or 
rather  of  emigration,  fall  into  the  neighbouring  waters,  which  they  fkim  off  with 
calabafhes,  bring  large  kettles  full  of  them  to  their  habitations,  and  parch  them 
in  iron  pots  over  a,  gentle  dire,  -ilirring  them  about  as  is  ufually  <lone  in  roafting 
coffee.  Tn  that  Hate,  without  fauce  or  any  other  addition,  they  ferve  them  a« 
delicious  food  ; and  they  put  them  by  hands -full  into  their  mouths,  as  we  do  com- 
fits. I have  eat'them  drefied  this  way  feveral  times,  and  think  them  both  delicate, 
nourifhing,  and  wholefome  ; they  are  fomething  fweeter,  but  not  fo  fat  and  cloy- 
ing as  the  caterpillar  or  maggot  of  the  Palm-tree  &nout-beetle>  Curcullo  Palmarum , 
which  is  ferved  up  at  all  the  luxurious  tables  of  Weft  Indian  epicures,  particularly 
of, the  French,  as  the  greateil  dainty  of  the  Weflern  world. 

According  tc  the  Baron  de  geer,  Mr.  sparrman  fays,  that  the  Hoctentots 
ea^  thefe  infeds,  and  even  grow  fat  upon  them;  but  does  not  fay  what  methods 
they  take-to  .procure  or  drefs  them,  de  geer , Memoircs  des  Infcftes,  tom.  VII.  p.  49. 

'(22)  p^iso,  de  laet,  marcgrave,  and  other  writers,  mention  their  being  an 
article  of  diet  in  different  parts  of  South  America. 

(l  Alia  presterea  ;datuf  grandis  fpecies  Tama-ioura  dicta  digit!  articulum  adce- 
**  quansV  Quarura  etiam  dunes  deffecantur  et  friguntur  pro  bono  alimento.” 
juso,  Hifi.  Natural,  lib.  I.  p.  9.  lib.  V.  291. 

(23)  marcgr.  Hill:.  Nat.  56. 

(24)  “ Penique  formica  hie  vifuntur  grandiflimiE,  quas  indigense  vulgo  come* 
4t  dunt;  et  in  foris  venales  habent.”  de  jlaet.  Americas  Utriufque  Defcriptio, 
P-  333* 

“ Formicas  vefeebantur,  eafqiie  ftudiofe  ad  vidtum  educabant.  Ibid.  p.  379/’ 

(25)  Sir  hans  sloane  fays,  the  filk-cotton-tree  worm  is  efteemed  by  the  Indians 
and  negroes  beyond  marrow.  This  worm  is  no  more  than  a large  maggot,  being 
the  Caterpillar  of  a large  Capricorn  Beetle,  or  Goat  Chafer : the  Larva  of  a 
pretty  large  Cerambix  (the  Lamia  L'ribulus  of  fabricius)  which  is  alfo  brought 
from  Africa,  where  I have  eaten  thofe  worms  roafted.  This  infed  is  raofl:  pro- 
bably to  be  found  in  all  countries  where  the  filk-cotton-tree  ( Bombax ) is  indi- 
genous, sloane’s  Jamaica,  vol.  II,  p.  193, 
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other  ; fometimes  with  one  or  two  wings  (till  hanging  to  their 
bodies,  which  are  not  only  ufelefs,  but  feem  rather  cumber- 
fome  t*I * * * * 6). 

The  greater  part  have  no  wings,  but  they  run  exceeding 
faft,  the  males  after  the  females ; I have  fometimes  remarked  two 
males  after  one  female,  contending  with  great  eagernefs  who 
fhould  win  the  prize,  regardlefs  of  the  innumerable  dangers 
that  furrounded  them. 

They  are  now  become  from  one  of  the  moft  adtive,  induf- 
trious,  and  rapacious,  from  one  of  the  moft  fierce  and  impla- 
cable little  animals  in  the  world,  the  moft  innocent,  helplefs, 
and  cowardly  ; never  making  the  leaft  refiftance  to  the  fmalleft 
Ant.  The  Ants  are  to  be  feen  on  every  fide  in  infinite  numbers, 
of  various  fpecies  and  fizes,  dragging  thefe  annual  vidtims  of 
the  laws  of  nature  to  their  different  nefts.  It  is  wonderful 
that  a pair  fhould  ever  efcape  fo  many  dangers,  and  get 
into  a place  of  fecurity.  Some,  however,  are  fo  fortunate; 
and  being  found  by  fome  of  the  labouring  infedts  that  are 
continually  running  about  the  furface  of  the  ground  under 
their  covered  galleries,  which  I fhall  fhortly  defcribe,  are 
tletied  kings  and  queens  of  new  ftates ; all  thofe  who 
are  not  fo  elecled  and  preferved  certainly  perifh,  and  moft 
probably  in  the  courfe  of  the  following  day.  The  man- 
ner in  which  thefe  labourers  protedt  the  happy  pair  from 
their  innumerable  enemies,  not  only  on  the  day  of  the 

I have  difcourfed  with  feveral  gentlemen  upon  the  tafte  of  the  white  Ants ; and 

on  comparing  notes  we  have  always  agreed,  that  they  are  mod  delicious  and  deli- 
cate eating.  One  gentleman  compared  them  to  fugared  marrow,  another  to 

fugared  cream  and  a paile  of  fweet  almonds. 

(*6)  ligon  obferved  them,  but  does  not  know  what  they  are.  LiGOtt’s  Barba- 

does,  p.  63. 

Vol.  LXXI. 
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maffacre  of  almoft  all  their  race,  but  for  a long  time  after, 
will  I hope  juftify  me  in  the  ufe  of  the  term  election. 
The  little  induftrious  creatures  immediately  enclofe  them  in 
a fmall  chamber  of  clay  fui table  to  their  fixe,  into  which  at 
firft  they  leave  but  one  fmall:  entrance,  large  enough  for  them- 
felves  and  the  foldiers  to  go  in  and  out,  but  much  too  little 
for  either  of  the  royal  pair  to  make  ufe  of;  and  when  ne- 
eeffity  obliges  them  to  make  more  entrances,  they  are  never 
larger ; fo  that,  of  courfe,  the  voluntary  fubjetls  charge  them- 
felves  with  the  talk  of  providing  for  the  offspring  of  their 
fovereigns  as  well  as  to  work  and  to  fight  for  them  until  they 
fiiall  have  raifed.  a progeny  capable  at  leaf!  of  dividing  the  talk, 
with  them. 

It  is  not  until  this  time,,  probably,  that  they  confummate 
their  marriage,,  as  I never  faw  a pair  of  them-  joined.  The 
bufinefs  of  propagation,  however,  foon  commences,  and  the 
labourers  having  conftrudted  a fmall  wooden  nurfery,  as  before 
defcribed,  carry  the  eggs  and  lodge  them  there  as  fall  as  they 
can  obtain  them  from  the  queen . 

About  this  time  a moft  extraordinary  change  begins  to  take 
place  in  -the-  queen,  to  which  I know  nothing  fimilar,  except  in 
thePULEX  PENETRANS  of  LINNJEUS',  the  jigger  of  the  W efi 
Indies , and  in  the  different  fpecies  of  coccus,  cochineal. 
The  abdomen  of  this  female,  begins  gradually  to  extend  and 
enlarge  to  fuck  an  enormous  fize,  that  an  old  queen  will  have 
it  increafed  fo  as  to  be  fifteen  hundred  or  two  thoufand  times  the 
bulk  of  the  reft  of  her  body,  and  twenty  or  thirty  thoufand 
times  the  bulk  of  a labourer,  as  I have  found  by  carefully 
weighing  and  computing  the  different  ftates  (tab.  X.  fig.  3.). 
The  Ikin  between  the  fegments  of  the  abdomen  extends  in 
every  diredlion  ; and  at  laft  the  fegments  are  removed  to  half  an 

inch 
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inch  diftance  from  each  other,  though  at  firfh  the  length  , of  the 
whole  abdomen  is  not  half  an  inch.  They  preferve  .their  dark 
brown  colour,  and  the  upper  part  of  the  abdomen  is  marked 
with  a regular  feries  of  brown  bars  from  the  thorax  to  the 
pofterior  part  of  the  abdomen,  while  the  intervals  between 
them  are  covered  with  a thin,  delicate,  tranfparent  !k;in,  and 
appear  of  a fine  cream  colour,  a little  (haded  by  the  dark 
colour  of  the  dnteftines  and  watery  fluid  feen  heVe  and  there 
beneath.  I conjecture  the.  animal  is  upward  of  two  years 
old  when  the  abdomen  is  increafed  to  three  Inches  in  lehpth ; 

' G 

I have  fometimes  found  them  of  near  twice  that  fize.  The 
abdomen  is  now  of  an  irregular  oblong  fhape,  being  con- 
tracted by  the  mufcles  of  every  fegment,  and  is  become  one 
vaft  matrix  full  of  eggs,  which  make  long  circumvolutions 
through  an  innumerable  q uantitv  of  very  minute  veffeis  that 
circulate  round  the*  infide  in  a ferpentine  manner,  which  would 
exercife  the  ingenuity  of  a fkilful  anatomifl:  todifledt  and  develope. 
This  fingular  matrix  is  not  more  remarkable:  for  its  amazing 
extenflon  and  -fize  than  for  its  periftaltic  motion,  which  refenp- 
bles  the  undulating  of  waves,  and  continues  mcefTantlyvwithout 
any  apparent  effort  of  the  animal ; fo  that  one  part  or  other 
alternately  is  riling  and  finking  in  perpetual  fucceffion,  and  the 
matrix  feems  ntvef  at’teft d2?),  but  is  always  protruding  eggsrtb 
the  amount  [as  I have  frequently  counted  in  old  queers)  of 
iixty  in  a minute  or  eighty  thoufand  and  upward  in  one 
day  of  twenty- four  hours/??).  . . Thefe 

iii*,.,.  j -y  * > v/ 2 : ud.  ."fifioic.”  . ci  e* fans*  in  A tt.f  i» 

(7,7)  <<  we  may  obfcrve  in  ^ queen,  diftended  with  egg,  a partition  along  the 
back,  and  a continued  motion  from  one  extreme  to  the  other,  much  like 
y that  We  find  in  filk-worms.”  Account  of  Englifh  Ants  by  gould,  p.  22. 

~(28)  I cannot  ppfijtively  afCert,  that  the  old  queens  yield  eggs  fo  plentifully  at  all 

Z 3 . .. 
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Thefe  eggs  are  inftantly  taken  from  her  body  by  her  atten- 
dants (of  whom  there  always  are,  in  the  royal  chamber  and 
the  galleries  adjacent,  a fufficient  number  In  waiting)  and  car- 
ried to  the  nurferies,  which  in  a great  neft  may  fome  of  them 
be  four  or  five  feet  diftant  in  a ftraight  line,  and  confequently  . 
much  farther  by  their  winding  galleries.  Here,  after  they 
are  hatched,,  the  young  are  attended  and  provided  with 
every  thing  neceflary  until  they  are  able  to  fhift  for  them- 
felves,  and  take  their  fhare  of  the  labours  of  the  community..  I 
The  foregoing,  I flatter  myfelf,  is  an  accurate  defcrlptibn 
and  account  of  the  Termes  beUicofus  or  fpecies  that  builds  the 
large  nefts  in  its  different  ftates. 

Thole  which  build  either  the  roofed  turrets  or  the  nefts  In 
the  trees,  feem  in  moft  inftances  to  have  a ftrong  refembfance  to 
them,  both  in  their  form  and  oeconomy,  going  through  the 
fame  changes  from  the  egg  to  the  winged  ftate.  The  queens 
alfo  increafe  to  a great  fize  when  compared  with  the  labourers  ; 
but  very  Ihort  of  thofe  queens  before  defcribedi  The  largeff. 
are  from,  about  an  inch  to  an  inch  and  a half  long,  and,  not 
much  thicker  than  a common  quill.  There  is  the  fame  kind  of 
periftaltic  motion  in  the  abdomen,.  But  in  a much  fmaller  de- 


times,,  but  the  protruding  them  being  , the  confequenee  of  the- periftaltic  motion, 
it  would  feem  involuntary  on  their  parts,  and^  the  number,  or  nearly  fo,  always 
indifpenfable:  .the  aftonifliing  multitudes  of . inhabitants  found , in  their  nefts  alfo 
countenance  this  opinion  ftrongly. 

(19)  Since  the  reading  of  this  paper,  . Mrs  john  h-unter-,  fo  celebrated  for  his 
great  lkill  and  experience  in  comparative  anatomy,  has  difledted  two  young, queens. 
He  finds  the  abdomen  contains  two  ovaria,  in  each  of  which  are  many  hundred  ova- 
dudfcs,  and  in  each  of  thefe  ova-dudts  a vaft  many  eggs } fo  that  there  feems  no  doubt r 
of  the  fatt,  as  the  matrix  of  a full-grown  quetfr  muft  be  calculated  for  the  production 
and  yielding  of  a prodigious  number  of  eggs.  He  has  alfo  difledted  the  kings; 
The  refttlt:of  thefe  diffedtions^  with  ibme  further  particulars,  will  be  related  in 
another  paper*. 
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gree ; and,  as  the  animal  is  incapable  of  moving  from  her 
place,  the  eggs  no  doubt  are  carried  to  the  different  .cells  by  the 
labourers,  and  reared  with  a care  fi mil ar  to  that  which  is  prac- 
tifed  in  the  larger  nefts. 

It  is  remarkable  of  all  thefe  different  fpecies,  that  the  work- 
ing and  the  fighting  infeflrs  never  expofe  themfelves  to  the  open 
air;  but  either  travel  underground,  or  within  filch  trees  and 
fubftances  as  they  - deftroy,  except,  indeed,  when'  they  cannot 
proceed,  by  their  latent  p adages,  and  find  it  convenient  or  ne^ 
ceffary  to  fearcli  for  plunder  above  ground.  In  that"  cafb  they 
make  pipes  of  that  material  with  which  they  build  their 
nefts.  The  larger  fort  ufe  the  red  clay;  the  turret  builders 
ufe  the  black  clay ; and  thefe  which  build  in  the  trees 
employ  the  fame  ligneous  fubftances  of  which  their  nefts  are 

cornpofed  (3°)  (3*)  (3*)„ 


(3©)  “ Small  birds;  fowls,  Lizards,  and 'other  reptiles,  feajch  for  them  as  the 
44  moft  delicious  morfels  y therefore  they  never  go  abroad  but  under  their  covered 
44  ways.”...  du  ter tre,  quarto,  vol.  II.  p.  34^, 

(3*)  44  The  earth  hereabouts  was  all  filled  with  afpecies  of  a white  Ant;  called 
*4  Vag:  Vague;,  different  from  that  which  I have  elfewhere . deferibed . This, 
44  inflead  of  raifing  pyramids,  continues  buried  under  ground,  and  never  makes 
44  itfelf  known  but  by  fmall  cylindrical  galleries  of  the  thicknefs  of  a goofe  quiil, 
41  which  it  eredls  againfl  the  feverarbodies  it  defigns  to  attack.  Thefe  galleries 
44  are  formed  of  earth  with  infinite'  delicacy  of  workmanfhip.  The  Vag  Values 
44  make  ufe  of  them  as  of  covert-ways,  to  workk  without  being  feen  j afid  Vwfiat- 
“ ever  they  fallen  themfelves  to,  whether  it  be-  leather,  cloth,  linen,  %<^6lA,  or 
11  wood,  it  is  furely  gnawed  and  confumed.  I fhould  have  thought  myfelf  prelty 
44  well  off,  had  they  only  attacked  the  reeds  oft  my  hut ; but  they  pidrCed 
44  through  a trunk  which  flood  on  treflles  a foot  above  the  ground^  and  gnawed 
44  moft  of  my  book.”  ad anson’s  Voyage  to  Guinea,  1 7 9— — 3 3 7 . 

N.  B. . Mr.  ad  anson  is  certainly  miftaken  .when  he  fays,  44  They  never  make 
44  themfelves  knowa  but  by  their  covered  ways,  and  is  the  only  one whom  I have 


1-74  'Mr,  -smeathman’s  Account  of 

'With  thefe  materials  they  completely  line  moftof  the  roads 
leading  from  their  nefts  into  the  various  parts  of  the  country, 
and  travel  out  and  home  with  the  utmoft  fecurity  in  all  kinds 
of  weather.  If  they  meet  a rock  or  any  other  obftruftion,  they 
will  make  their  way  upon  the  fur  face  ; and  for  that  purpofe  erect 
a covered  way  or  arch,  ftill  of  the  fame  materials,  continuing  it 
with  many  windings  and  ramifications  through  large  groves ; 
having,  where  it  is  poffible,  fubterranean  pipes  running  parallel 
with  them,  into  which  they  link  and  fave  themfelves,  if  their 
galleries  above  ground  are  deftroyed  by  any  violence,  or  the 
tread  of  men  or  animals  alarms  them.  When  one  chances  by 
accident  to  enter  any  folitary  grove,  where  the  ground  is  pretty 
well  covered  with  their  arched  galleries,  they  give  the  alarm  by 
loud  hidings,  which  we  hear  diftindtly  at  every  ftep  we  make; 
foon  after  which  we  may  examine  their  galleries  in  vain  for  the 
m feff s,  but  find  little  holes,  juft  large  enough  for  them,  by 
which  they  have  made  their  efcape  into  their  fub terraneous  roads. 
Thefe  galleries  are  large  enough  for  them  to  pafs  and  repafs 
lb  as  to  prevent  any  ftoppages  (though  there  are  always 
numerous  paflengers)  and  fhelter  them  equally  from  light  and 

u met  with  who  has  .been  attacked  while  living  by  the  white,  dints”  I have  feme 
dpifbt,  that,  although  the  approaches  of  the  Termites  were  carried  up  to  hi^  be$, 
the  bites  he  received  were  from  real  Ants , of  which  .there  are  feme  fcarqe 
vilible  . which  are  very  numerous  and  produce  great  pain ; whereas  the  Jbite 
the  Termes  lets  out  much  blood,  and  fhews  not  the  leaft  .femptom  of  venorp. 
See  du  tertre’s  Antilles,  vol.  II.  p.  344.  and  Defcript.  de  1’ Afrique, par  lab at , 
tom.  III.  p.  298.  , . 

G2)  See  sloane,  ligon,  li.nn^us  (Termes  Fatalis),  forskal  (Termes  Atda), 
and  the  various  voyages  to  Africa  and  both  Indies* 
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air,  as  well  as  from  their  enemies,  of  which  the  ants,  being 
the  moil  numerous,  are  the  moil  formidable. 

The  Termites , except  their  heads,  are  exceeding  foft,  and 
covered  with  a very  thin  and  delicate  fkin  ; being  blind,  they 
are  no  match  on  open  ground  for  the  ants,  who  can  fee,  and  are 
all  of  them  covered  with  a ftrong  homy  fhell  not  eafily  pierced, 
and  are  of  difpofitions  bold,  adlive,  and  rapacious.  Whenever 
the  Termites  are  diflodged  from  their  covered  ways,  the  various 
fpecies  of  the  former,  who  probably  are  as  numerous 
above  ground  as  the  latter  are  in  their  fub terraneous  paffages, 
inftantly-.feize  and  drag  them  away  to  their  nefts,  to  feed  the 
young  brood  (33)  (34)  (35)e  The  Termites  are  therefore  exceeding 

felicitous 

* (33)  Sir  hans. sloane  was  certainly  miftakenrin  his  account  of  the  Wood  Ants; 
it  is  utterly  improbable  that  they  {hould  go  into  the  nefts  of  the  red  Ants  and  kill 
them.  It  is  moll  probable,  the  error  has  arifen  from  Sir  hans’s  having  confounded 
the  two  genera  of  infedls  the  Formica  and  • Termes  together,  which  made 
him  never  fpeak  of  them  with  precifion.  The  reverfe  of  his  account  is  rnoft 
likely,  which  is,  that  the  Formic#  will '-follow  their  plunder  into  the  nefts 
of  the  Termites  and  deftroy  them ; for  the  latter  always  keep  within  their 
nefts  -or  covered  ways,  avoiding  all  communications  with  other  infeds  and 
animals,  and  never  meddling  with  them  but  when  dead ; whereas  the 
Formic ce  ramble  about  every  where,  and  enter  every  cranny  and  hole  that  is  large 
enough,  and  attack  not  only  infects  and  reptiles  but  even  large . animals.  See 
sloane’s  Voyage  to  Jamaica,  vol.  II.  p.  221,  222.  tab.  238.  Flift . de  V Academic 
Royale  des  Sciences,  1701,  p.  16,  Fourmis  de  VJiie. 

(34)  LiGON  mentions  anothery^r/  of  Ants,  and  deferibes  the  galleries  of  the 
Termites . ligon’s  Barbadoes,  p.  64,  65. 

(35)  merian  fays,  the  Ants  make  nefts  above  eight  feet  high,  by  which  I appre- 
hend (he  means  the  nefts  of  the  Termites ; but  in  fpeaking  of  the  manners  of  the 
infers  fhe  certainly  means  fome  fpecies  of  the  Formica.  Thofe  which  are  de- 
ferred as  ftripping  the  trees  are  a fpecies  called,  in  Tobago,  Fara-fol-Ants , be- 
eaufe  they  cut  out  of  the  leaves  of  .certain  trees  and  plants  pieces  almoft:  circular, 

and 
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folicitous  about  the  preferving  their  covered  ways  in  good  re- 
pair ; and  if  you  demolifh  one  of  them,  for  a few  inches  in * 
length,  it  is  wonderful  how  loon  they  rebuild  jt.  At  firft  in 
their  hurry  they  get  into  the  open  part  an  inch  or  two,  but  flop 
fo  fuddenly  that  it  is  very  apparent  they  are  furprized : for 
though  fome  run  flraight  on,  and  get  under  the  arch  as  fpeedily 
as  poffible  in  the  further  part,  mod  of  them  run  as  faft  back, 
and  very  few  will  venture  through  that  part  of  the  track 
which  is  left  uncovered.  In  a few  minutes  you  will  perceive 
them  rebuilding  the  arch,  and  by  the  next  morning  they  will 
have  reftored  their  gallery  for  three  or  four  yards  in  length,  if 
fo  much  has  been  ruined;  and  upon  opening  it  again  will  be 
found  as  numerous  as  ever,  under  it,  paffing  both  ways.  If 
you  continue  to  deflroy  it  feveral  times,  they  will  at  length  feem 
to  give  up  the  point,  and  build  another  in  a different  direction  ; 
but,  if  the  old  one  led  to  fome  favourite  plunder,  in  a few  days 
will  rebuild  it  again  ; and,  unlefs  you  deftroy  their  neft,  never 
totally  abandon  their  gallery. 

The  Termites  arborum , thofe  which  build  in  trees,  frequently 
eftablifh  their  liefts  within  the  roofs  and  other  parts  of  houfes, 
to  which  they  do  confiderable  damage,  if  not  timely  extir- 
pated. 

The  large  fpecies  are,  however,  not  only  much  more  de- 
ftrudtive,  but  more  difficult  to  be  guarded  againft,  fince  they 
make  their  approaches  chiefly  under  ground,  defcending  below 
the  foundations  of  houfes  and  ftores  at  feveral  feet  from  the  fur- 
face,  and  rifmg  again  either  in  the  floors,  or  entering  at  the 

and  are  to  be  feea  all  the  year  round  travelling  from  the  plants  along  their  road  to 
the  neft,  with  each  one  of  thefe  circular  pieces  of  leaves  in  their  jaws,  which, 
from  their  ftiape  and  colour,  give  a very  good  idea  of  people  walking  with  para- 
lofs  (umbrellas),  merian,  Infefles  ds  Surinam , p,  iS. 
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bottoms  of  the  ports,  of  which  the  Tides  of  the  buildings  are 
compofed,  bore  quite  through  them,  following  the  courfe  of 
the  fibres  to  the  top,  or  making  lateral  perforations  and  cavities 
here  and  there  as  they  proceed. 

While  Tome  are  employed  in  gutting  the  ports,  others  afcend 
from  them,  entering  a rafter  or  Tome  other  part  of  the  roof.  If 
they  once  find  the  thatch,  which  Teems  to  be  a favourite  food, 
they  Toon,  bring  up  wet  clay,  and  build  their  pipes  or  galleries 
through  the  roof  in  various  direftions,  as  long  as  it  will  fupport 
them ; fqmetimes  eating  the  palm-tree  leaves  and  branches  of 
which  it  is  compoTed,  and,  perhaps  (for  variety  Teems  very 
pleating  to  them)  the  rattan  or  other  running  plant  which  is 
uTed  as  a cord  to  tye  the  various  parts  of  the  roof  together,  and 
that  to  the  ports  which  Tupport  it : thus,  with  the  afiiftance  of 
.the  rats,  who  during  the  rainy  feafon  are  apt  to  ihelter  them- 
Telves  there,  and  to  burrow  through  it,  they  very  Toon  ruin  the 
houfe  by  weakening  the  faftenings  and  expofing  it  to  the  wet. 
Ia  the  mean  time  the  ports  will  be  perforated  in  every  :direclion 
as  full  of  holes  as  that  timber  in  the  bottoms  of  flips  which 
has  been  bored  by  the  worms;  the  fibrous  aiid  knotty  parts, 
which  are  the  hardeft,  being  left  to  the  laft^k  f: 

I ” . i • )fj<.  ,!  ,V  - -•  -~r-  . J 
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(36)  The  fea  worms,  fo  pernicious  to  our  dipping,  appear  to  have  -the Tame 
office  allotted  them  in  the  waters  which  the  Termites  have  on  the  land.  They 
will  appear,  on  a very  little  conlideration,  to  be  molt  important  beings  in  the  great 
chain  of  creation,  andplealing  demonftrations  of  that  infinitely  wife  and  gracious 
Power  which  formed,  and  fiill  preferves,  the  whole  in  fuch  wonderful  order  and 
beauty;  for  if  it  was  not  for  the  rapacity  of  thefe  and  fuch  animals,  tropical 
rivers,  and  indeed  the  ocean  itfelf,  would  be  choked  with  the  bodies  of  trees 
which  are  annually  carried  down  by  the  rapid  torrents,  as  many;  of  them 
would  lad  for  ages,  and  probably  be  produ&ive  of  evils*,  of  'which,  Juppity* 
Vol.  LXXI.  A a wc 
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They  fometimes,  in  carrying  on  this  bufinefs,  find,  I will 
not  pretend  to  fay  how,  that  the  poft  has  fome  weight  to  fup- 
port,  and  then  if  it  is  a convenient  track  to  the  roof,  or  is  itfelf 
a kind  of  wood  agreeable  to  them,  they  bring  their  mortar, 
and  fill  all  or  moft  of  the  cavities,  leaving  the  neceffary  roads 
through  it,  and  as  fail:  as  they  take  away  the  wood  replace  the 
vacancy  with  that  material ; which  being  worked  together  by 
them  ciofer  and  more  compa£tly  than  human  ftrength  or  art 
could  ram  it,  W'hexi  the  houfe  is  pulled  to  pieces,  in  order  to 
examine  if  any  of  the  pofts  are  fit  to  be  ufed  again,  thofe  of  the 
fofter  kinds  are  often  found  reduced  almoft  to  a (hell,  and  all  or 
a greater  part  transformed  from  wood  to  clay  as  folid  and  as 
hard  as  many  kinds  of  free-ftone  ufed  for  building  in  England. 
It  is  much  the  fame  when  th t Termites  bellkofi  get  into  a cheft 
or  trunk  containing  cloaths  and  other  things;  if  the  weight 

we  cannot  in  the  prefent  harmonious  flate  of  things  form  any  idea  * • whereas  now 
being  confumed  by  thefe  animals,  they  are  more  eafily  broken  in  pieces  by  the 
waves ; and  the  fragments  which  are  not  devoured  become  fpecifically  lighter, 
and  are ' confequently  more  readily  and  more  effectually  thrown  on  fliore,  -where  the 
fun,  wind,  infe&s,  and  various  other  inftruments,  fpeedily  promote  their  entire 
dilfolution,  and  reflore  the  conftituent  particles, to  that 

— 44  Mighty  hand, 

44  Which,  ever  bufy,  wheels  the  iilent  fpheres  ; 

44  Works  in  the  fecret  deep  ; fnoots,  beaming,  thence 
44  The  fair  profufiori  that  o’erfpreads  the  fpring ; 

44  Flings  from  the  fun  direfl  the  flaming  day  ; 

44  Feeds  every  creature  ; hurls  the.  temped:  forth  j 
46  And,  as  on  earth  this  grateful  change  revolves, 

44  With  tranfport  touches  all  the  fprings  of  life.’*  Thomson* 

* That  wood  will  endure  In  water  arf  'amazing  number. of  ages,  is  apparent  from  the  <eak flakes  which. 
Were  driven  into  the  bed  of  the  river  Thames  on  the  invasion  of.  this  ifland  by  'Julius  Cafar-X  one  of  which  is 
to  be  feen  in  Sir  ash-ton  lever’s  Mufeum,  and  likewife  from  thofe  bodiesof  trees  which  aredaily  found 
in  the  bogs  and  moraifes  of  Great  Britain  and.  Ireland,  which  after  a duration,  the  former  of  eighteen 
hundred,  the  latt«r  of  upwards  of  two  thosfand  years,  are  found  in -a  perfect  ftaqi  of  pssfervation. 
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above  is  great,  or  they  are  afraid  of  Ants  or  other  enemies, 
and  have  time,  they  carry  their  pipes  through,  and  replace  a 
great  part  with  clay,  running  their  galleries  in  various  direc- 
tions. The  . tree 'Termites,  indeed,  when  they  get  within  a 
box,  often  make  a neft  there,  and  being  once  in  pofleffion  deftroy 
it  at  their  leifure.  They  did  fo  to  the  pyramidal  box  which  con  , 
tained  my  compound  rnicrofcope.  It  was  of  mahogany,  and  I 
had  left  it  in  the  ftore  of  Governor  Campbell  of  Tobago,  for 
a few  months,  while  I made  the  tour  of  the  Leeward  Iflands. 
On  my  return  I found  thefe  infefts  had  done  much  mifchief  in 
the  ftore,  and,  among  other  things,  had  taken  pofleffion  of  the 
rnicrofcope,  and  eaten  every  thing  about  it  except  the  glafs  or 
metal,  and  the  board  on  which  the  pedeftal  is  fixed,  with  the 
drawers  under  it,  and  the  things  inclofed.  The  cells  were 
built  all  round  the  pedeftal  and  the  tube,  and  attached  to  it  on 
every  fide.  All  the  glafles  which  were  covered  with  the  wooden 
fubftance  of  their  nefts  retained  a cloud  of  a gummy  nature 
upon  them  that  was  not  eafily  got  off,  and  the  lacquer  or 
burnifh  with  which  the  brafs  work  was  covered  was  totally 
fpoiled.  Another  party  had  taken  a liking  to  the  ftaves  of 
a Madeira  calk,  and  had  let  out  almoft  a pipe  of  fine  old  wine. 
If  the  large  fpecies  of  Africa  (the  'Termites  belUco/i ) had 
been  fo  long  in  the  uninterrupted  pofleffion  of  fuch  a ftore, 
they  would  not  have  left  twenty  pounds  weight  of  wood  re- 
maining of  the  whole  building,  and  all  that  it  contained  (37), 

Thefe 

(37)  Captain  Phillip  of  the  navy,  who  was  fome  time  at  the  Brazils  in  the 
fervice  of  Portugal,  gives  me  the  following  relation.  u An.  engineer  returned 
u from  furveying  the  country,  left  his  trunk  on  a table  : the  next  morning,  not 
*4  only  all  his  cloaths  were  deilroyed  by  white  Ants  or  Cutters , but  his  papers  alfo  ; 
**  and  the  latter  in  fuch  a manner,  that  there  was  not  a bit  left  of  an  inch  fquare. 
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Thefe  infers  are  not  lefs  expeditious  in  deftroylng  the  1 
(helves,  wainfeotting,  and  other  fixtures  of  an  houfe,  than  the 
houfeitfelf.  They  are  for  ever  piercing  and  boring  in  all  direc- 
tions, and  fometimes  go  out  of  the  broadfide  of  one  poft 
into  that  of  another  joining  to  it ; but  they  prefer  and  always  j 
deflroy  the  fofter  fubfhnces  the  firft,  and  are  particularly 
fond  of  pine  and  fir-boards,  which  they  excavate  and  carry  away  1 
with  wonderful  difpatch  and  aftomfhing  cunning  : for,  except  a 
fhelf  has  fomething  (landing  upon  it,  as  a book,  or  any  thing 
elfe  which  may  tempt  them,  they  will  not  perforate  the  furface, 
but  artfully  preferveit  quite  whole,  and  eat  away  all  the  infide, 
except  a few  fibres  which  barely  keep  the  two  Tides  connected 
together,  fo  that  a piece  of  an  inch-board  which  appears  folid 
to  the  eye  will  not  weigh  much  more  than  two  fheets  of  pafte- 
board  of  equal  dimenfions,  after  thefe  animals  have  been  a little  : 
while  in  pofl'eflion  of  it  h8)  (39)  (4°)  (41).  In  fhort,  the  Termites  are 

fo 

“ The  black  lead  pencils  were  likewife  fo  completely  deftroyed,  that  the  fmalleft 
<l  piece,  even  of  the  black  lead  could  not  be  found.  The  cloaths  were  not 
44  entirely  cut  to  pieces  and  carried  away,  but  appeared  as  if  moth-eaten,  there 
“ being  fcarce  a piece  as  large  as  a {hilling  that  was  free  from  fmall  holes ; and 
44  it  was  further  remarkable,  that  forae  Jilver  coin , which  was  in  the  trunk,  had  a 
4 4 number  of  black  fpecks  on  it,  caufed  by  fomething  fo  corrolive  that  they  eould 
44  not  eafily  be  rubbed  off  even  with  fand.J>  Queen’s -fquare,  Wednefday,  Jan. 
*7,  1781. 

(38)  “ The  white  Ants  are  tranfparent  as  glafs,  and  bite  fo  forcibly,  that  in  j 
44  the  fpace  of  one  night  alone  they' can  eat  their  way  through  a thick  wooden  I 
*4  cheft  of  goods,  and  make  it  as  full  of  holes,  as  if  it  had  been  {hot  through 

44  with  hail -{hot .”  bosman’s  Guinea,  p.276,  7.  493, 

(39)  moore’s  Travels,  p.  221. 

(4°)  Voyage  de  la  bat  aux  Illes,  tom.  II.  p.  331. 

(41)  44  The  wood  Ants  are  the  moft  pernicious  of  all  others,  being  fo  very 
44  deftruftivc  to  timber  of  moft  forts,  that,  if  not  prevented,  they  will  in  a few  j 

44  years 

■ 
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10  infidious  in  their  attacks,  that  we  cannot  be  too  much  on 
our  guard  againft  them : they  will  fometimes  begin  and  raife 
their  works,  efpecially  in  new  houfes,  through  the  floor  (4*X  If 
vou  deftroy  the  work  fo  begun,  and  make  a fire  upon  the  fpot,  the 
next  night  they  will  attempt  to  rife  through  another  part ; and, 
if  they  happen  to  emerge  under  a’cheft  or  trunk  early  in  the 
night,  will  pierce  the  bottom,  and  defiroy  or  fpoil  every  thing 
in  it  before  the  morning  fo).  On  thefe  accounts  we  are  careful 
to  fet  all  our  chefts  and  boxes,  upon  ftones  or  bricks,  fo  as  to 
leave  the  bottoms  of  fuch  furniture  fome  inches  above  the 
ground ; which  not  only  prevents  thefe  infedts  finding  them 
out  fo  readily,  butpreferves  the  bottoms  from  a corrofive  damp 
which  would  ftrike  from  the  earth  through,  and  rot  every 
thing  therein  : a vaft  deal  of  vermin  alfo  would  harbour  under, 
fuch  as  Cock- roaches,  Centipedes,  Millepedes,  Scorpions,  Ants, 
and  various  other  noifome  infedts. 

When  the  Termites  attack  trees  and  branches  in  the  open  air, 
they  fometimes  vary  their  manner  of  doing  it.  If  a flake  in  a 
hedge  has  not  taken  root  and  vegetated,  it  becomes  their  bud- 
nefs  to  deftroy  it.  If  it  has  a good  found  bark  round  it,  they 

“ years  time  defiroy  the  whole  roof  of  an  houfe,  efpecially  if  it  be  of  foft  tim- 

“ ber. They  have  likewife  caufed  great  Ioffes  to  fliop -keepers,  by  boring 

“ through  whole  bales  of  linnen  as  well  as  woolen  cloths,  hughes’s  Barbadoes, 

p.  93. 

(42)  The  floors  are  generally  made  of  the  {lone  or  clay  taken  from  the  hillfc 
raifed  by  thefe  infedls,  which,  being  moiflened  with  water,  and  mixed  by  treading, 
is  beaten  leyel,  fmooth,  and  compadl,  with  their  feet  and  a kind  of  hand-bat  or 
beetle. 

(43)  u One  night,  in  a few  hours,  they  pierced  one  foot  of  the  table,  and 

11  (having  in  that  manner  afcended)  carried  their  arch  acrofs  it,  and  then 
“ down  through  the  middle  of  the  other  foot  into  the  floor,  as  good  luck  would 
“ have  it,  without  doing  any  damage  to  the  papers  left  there,’>  kempfer  Hid* 
Japan,  vol,  II.  p.  127. 
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will  enter  at  the  bottom,  and  eat  all  but  the  bark,  which  will 
remain,  and  exhibit  the  appearance  of  a lolid  flick  (which  fome 
vagrant  colony  of  Ants  or  other  infefls  often  fhelter  in  till 
the  winds  difperfe  it)  ; but  if  they  cannot  truft  the  bark,  they 
cover  the  whole  flick  with  their  mortar,  and  it  then  looks  as 
if  it  had  been  dipped  into  thick  mud  that  had  been  dried  on* 
Under  this  covering  they  work,  leaving  no  more  of  the  flick 
and  bark  than  is  barely  fufficient  to  flipport  it,  and  frequently 
not  the  fmalleft  particle,  fo  that  upon  a very  fmali  tap  with 
your  walking  flick,  the  whole  flake,  though  apparently  as  thick 
as  your  arm,  and  five  or  fix  feet  long,  lofes  its  form,  and 
difappearing  like  a fhadow  falls  in  fmali  fragments  at  your 
feet.  They  generally  enter  the  body  of  a large  tree  which 
has  fallen  through  age  or  been  thrown  down  by  violence,  on 
the  fide  next  the  ground,  and  eat  away  at  their  leifure  within 
the  bark,  without  giving  themfelves  the  trouble  either  to 
cover  it  on  the  outfide,  or  to  replace  the  wood  which  they  have 
removed  from  within,  being  fomehow  fenfible  that  there  is  no 
neceflity  for  it.  Thefe  excavated  trees  have  deceived  me  two  or 
three  times  in  running  t for,  attempting  to  ftep  two  oi  three  feet 
high,  1 might  as  well  have  attempted  to  ftep  upon  a cloud,  and 
have  come  down  with  fucli  unexpected  violence,  that,  befides 
fhaking  my  teeth  and  bones  almoft  to  diflocation,  I have  been 
precipitated,  head  foremoft,  among  the  neighbouring  trees 
andbufhes.  Sometimes,  though  feldom,  the  animals  are 
known  to  attack  living  trees ; but  not,  I apprehend,  before 
fymptoms  of  mortification  have  appeared  at  the  roots,  fince  it  is 
evident,  as  is  before  obferved,  that  thefe  infeCts  are  intended  in 
the  order  of  nature  to  haften  the  difiolution  of  fuch  trees  and 
vegetables  as  have  arrived  at  their  greateft  maturity  and  per- 
5 fe&ion* 
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fedlion,  and  which  would,  by  a tedious  decay,  ferve  only 
to  encumber  the  face  of  the  earth.  This  purpofe  they  anfwer 
fo  efteftually,  that  nothing  perifhable  efcapes  them,  and  it  is 
almoft  impoffibfe  to  leave  any  thing  penetrable  upon  the  ground 
a long  time  in  fafety  ; for  the  odds  are,  that,  put  it  where  you 
will  abroad,  they  will  find  it  out  before  the  following  morning, 
and  its  definition  follows  very  foon  of  courfe.  In  confequence 
of  this  difpofition,  the  woods  never  remain  long  encumbered 
with  the  fallen  trunks  of  trees  or  their  branches ; and  thus  it 
is,  as  I have  before  obferved,  the  total  deftru&ion  of  deferred 
towns  is  fo  effectually  completed,  that  in  two  or  three  years  a 
thick  wood  fills  the  fpace  ; and,  unlefs  iron-wood polls  have  been 
made  ufe  of,  not  the  leaft  veftige  of  an  houfe  is  to  be  difcovered. 

The  firft  object  of  admiration  which  ftrikes  one  upon  open- 
ing  their  hills  is  the  behaviour  of  the  foldiers.  If  you  make  a 
breach  in  a flight  part  of  the  building,  and  do  it  quickly  with  a 
ftrong  hoe  or  pick-axe,  in  the  fpace  of  a few  feconds  a foldier 
will  runout,  and  walkabout  the  breach,  as  if  to  fee  whether 
the  enemy  is  gone,  or  to  examine  what  is  the  caufe  of  the  attack. 
He  will  fometimes  go  in  again,  as  if  to.  give  the  alarm  ; but 
moft  frequently,  in  a fhort  time,  is  followed  by  two  or  three 
others,  who  run  as  faff  as  they  can,  ftraggling  after  one  ano- 
ther, and  are  foon  followed  by  a large  body  who  rufh  out  as 
faff  as  the  breach  will  permit  them,  and  fo  they  proceed,  the 
number  increafing,  as  long  as  any  one  continues  battering 
their  building  It  is  not  eafy  to  defcribe  the  rage  and 

fury 

(44)  “ They  throw  up  little  hills  of  feven  or  eight  feet  high,  fo  very,  full  of 
u holes  that  they  rather  feem  like  honey-combs  than  burrows.  Thefe  Ant  hills 
**  are  of  a very  fmall  circumference  in  proportion  to  their  height,  being  fliarp  at  top, 

4t  fo  that  to  judge  by  the  looks  of  them  one  would  think  the  wind  could  blow  them 

44  down* 
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fury  they  fhew.  In  their  hurry  they  frequently  mifs  their 
hold,  and  tumble  down  the  fides  of  the  hill,  but  recover  them- 
felves  as  quickly  as  poffible ; and,  being  blind,  bite  every 
thing  they  run  againft,  and  thus  make  a crackling  noife,  while 
fome  of  them  beat  repeatedly  with  their  forceps  upon  the  build- 
ings and  make  aTm'all  vibrating  noife,  fomething  fhriller  and 
quicker  than  the  ticking  of  a watch  : I could  diftinguifh  this 
noife  at  three  or  four  feet  diftance,  and  it  continued  fora  minute 
at  a' time,  with  fhort  intervals.  While  the  attack  proceeds  they 
are  in  the  moft  violent  buftle  and  agitation.  If  they  get  hold  of 
anyone,  they  will  in  an  inftaht  let  out  blood  enough  to  weigh 
againft  their  whole  body  ; and  if  it  is  the  leg  they  wound,  you 
will  fee  the  ftain  upon  the  flocking  extend  an  inch  in  width. 
They  make  their  hooked  jaws  meet  at  the  firft  ftroke,  and  never 
quit  their  hold,  butfuffer  themfelves  to  be  pulled  away  leg  by 
leg,  and  piece  after  piece,  without  the  leaft  attempt  to  efcape. 
On  the  other  hand,  keep  out  of  their  way,  and  give  them  no 
interruption,  and  they  will  in  lefs  than  half  an  hour  retire  into 
the  nefty  as  if  they  fuppofed  the  wonderful  monfter  that  da- 
maged their  caftle  to  be  gone  beyond  their  reach.  Before  they  are 
all  got  in  you  will  fee  the  labourers  in  motion,  and  haftening 
in  various  directions  toward  the  breach  : every  one  with 
a burthen  of  mortar  in  his  mouth  ready  tempered..  This  they 
ftick  upon  the  breach  as  faft  as  they  come  up,  and  do  it  with 
fa  much  dilpatch  and  facility,  that  although  there  are  thou- 
fands,  and  I may  fay  millions,  of  them,  they  never  flop  or 

“ down.  I one  day  attempted  to  knock,  off  the  top  of  one  of  them  with  my  cane, 
“ but  the  ftroke  had  no  other  effect  than  to  bring  fome  thoufands  of  the  animals 
Ci  out  of  doors,  to  fee  what  was  the  matter:  upon  which  I took  to  my  heels  and 
“ ran  away  as  faft  as  I could/’  smith’s  Voyage  to  Guinea. 

embarrafs 
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embarrafs  one  another ; and  you  are  moft  agreeably  deceived 
when,  after  an  apparent  fcene  of  hurry  and  confufion,  a regu- 
lar wall  arifes,  gradually  filling  up  the  chafm.  While  they  are 
thus  employed,  almoft  all  the  foldiers  are  retired  quite  out  of 
fight,  except  here  and  there  one,  who  haunters  about  among  fix 
hundred  or  a thoufand  of  the  labourers,  but  never  touches  the 
mortar  either  to  lift  or  carry  it ; one,  in  particular,  places  him- 
felf  clofe  to  the  wall  they  are  building.  This  foldier  will  turn 
himfelf  leifurely  on  all  fides,  and  every  now  and  then,  at  inter- 
vals of  a minute  or  two,  lift  up  his  head,  and  with  his  forceps 
beat  upon  the  building,  and  make  the  vibrating  noife  before 
mentioned;  on  which  immediately  a loud  hifs,  which  appears 
to  come  from  all  the  labourers,  iffues  from  within  fide  the 
dome  and  all  the  fubterraneous  caverns  and  paffages  : that  it 
does  come  from  the  labourers  is  very  evident,  for  you  will  fee 
them  all  haften  at  every  fuch  fignal,  redouble  their  pace,  and 
work  as  faft  again. 

As  the  moft  interefting  experiments  become  dull  by  repetition 
or  continuance,  fo  the  uniformity  with  which  this  bufinefs  is 
carried  on,  though  fo  very  wonderful,  at  laft  fiitiates  the  mind. 

A renewal  of  the  attack,  however,  inftantly  changes  the  fcene, 
and  gratifies  our  curiofity  ftill  more.  At  every  ftroke  we  hear  a 
loud  hifs  ; and  on  the  firft  the  labourers  run  into  the  many  pipes 
and  galleries  with  which  the  building  is  perforated,  which  they 
do  fo  quickly  that  they  feem  to  vanifh,  for  in  a few  feconds  all 
are  gone,  and  the  foldiers  rufh  out  as  numerous  and  as  vindictive 
as  before  (45).  On  finding  no  enemy  they  return  again  leifurely 

into 


(45)  By  the  foldiers  being  fo  ready  to  run  out  upon  the  repetition  of  the 
attack,  it  appears,  that  they  but  juft  withdraw  out  of  fight,  to  leave  room  for 
the  labourers  to  proceed  without  interruption  in  repairing  the  breach,  and  in  this 
Vol.  LXXI,  B b mftance 
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into  the  hill,  and  very  foon  after  the  labourers  appear  loaded  as 
at  firft,  as  a&ive  and  as  fedulous,  with  foldiers  here  and  there 
among  them,  who  aft  juft  in  the  fame  manner,  one  or  other 
of  them  giving  the  fignal  to  haften  the  bufinefs.  Thus  the 
pleafure  of  feeing  them  come  out  to  fight  or  to  work  alter- 
nately may  be  obtained  as  often  as  curiofity  excites  or  time 
permits:  and  it  will  certainly  be  found,  that  the  one  order  never 
attempts  to  fight,  or  the  other  to  work,  let  the  emergency  be 
ever  fo  great. 

We  meet  vaft  obftacles  in  examining  the  interior  parts  of 
thefe  tumuli.  In  the  firft  place,  the  works,  for  inftance, 
the  apartments  which  furround  the  royal  chamber  and  the 
nurferies,  and  indeed  the  whole  internal  fabric,  are  moift, 
and  confequently  the  clay  is  very  brittle  : they  have  alfo  fo 
clofe  a connexion,  that  they  can  only  be  feen  as  it  were  by 
piece-meal ; for  having  a kind  of  geometrical  dependance  or 
abutment  againft  each  other,  the  breaking  of  one  arch  pulls  down 
two  or  three.  To  thefe  obftacles  muft  be  added  the  obfti- 
nacy  of  the  foldiers,  who  fight  to  the  very  laft,  difputing 
every  inch  of  ground  fo  well  as  often  to  drive  away  the 
negroes  who  are  without  fhoes,  and  make  white  people 
bleed  plentifully  through  their  ftockings.  Neither  can  we 
let  a building  ftand  fo  as  to  get  a view  of  the  interior  parts 
without  interruption,  for  while  the  foldiers  are  defending  the 

" A ' X| 

inftance  they  fhew  more  good  fenfe  than  the  bulk  of  mankind,  for,  in  cafe  of  a con- 
flagration in  a city,  the  number  of  people  who  aflemble  to  ftare  is  much  greater 
than  of  thofe  who  come  to  affift,  and  the  former  always  interrupt  and  hinder  the 
latter  in  their  efforts.  The  hidden  retreat  of  the  labourers,  in  cafe  of  an  alarm, 
is  alfo  a wonderful  inftance  of  good  order  and  difcipline,  feldom  feen  in  populous 
cities,  where  we  frequently  find  helplefs  people,  women,  and  children,  without 
any  ill  intention,  intermixing  in  violent  tumults  and  dangerous  riots. 

2 out-works. 


the  Termites  of  Africa  and  other-  hot  climates.  187 
out-works,  the  labourers  keep  barricadoing  all  the, way  pgainfl  11s, 
flopping  up  the  different  galleries  and  .paffijges  which  lead  to  the 
various  apartments,  particularly  the  royal'  chamber,  all  the  en- 
trances to  which  they  fill  up  fir  artfully  as  not  to  let  it  be  diftin** 
guifhable  wdiile  it  remains  moift  ; and  externally  it  has  no  other 
appearance  than  that  of  a fhapelefs  lump  otclay  It  is,  however, 

eafily  found  from  its  fituation  with  refpedt  to  the  other  parts  of 
the  building,  and  by  the  crouds  of  labourers  and  foldiers  which 
furround  it,  who  fhew  their  loyalty  and  fidelity  by  dying  un- 
der its  walls.  The  royal  chamber  in  a large  iiefL  is  capacious 
enough  to  hold  many  hundreds  of  the  attendants, . befides  th^ 
royal  pair,  and  you  always  find  it  as  full  of  them  as,  it  cm 
hold.  Thefe  faithful  fubjefts  never  abandon  their  charge 
even  in  the  laid  diftrefs ; for  whenever  I took  out  the  royal 
chamber,  and,  as  J often  did,  preferved  it  for  fome  time  in  a 
large  glafs  bowl,  all  the  attendants  continued  running  in  one 
dire&ion  round  the  king  and  queen  with  the  utmoft  folicitude, 
fome  of  them  flopping  on  every  circuit  at  th^  head  of  the  latter, 
as  if  to  give  her  fome  thing.  When  they  came  to  the  extre- 
mity of  the  abdomen,  they  took  the  eggs  from  her,  and  carriec} 
them  away,  and  piled  them  carefully  together  in  fome  part  of 
the  chamber,  or  in  the  bowl  under,,  or  behind  any.  pieces  of 
broken  clay  which  lay  mofi  convenient  for  the  purpple.  T r 


- s V . ...  V>  Xu  w ...  L, 

(46)  In  tab.  VIII.  fig.  2.  and  4.  the  entrances  of  the  royal  chamber,f  now  ,exhi- 
bited,  are  reprefented  open.  They  were  alf  fhut  by  the  labourers  before  I ha  cl 
got  to  it,  and  were  opened  ^fiticeT  ’arrived  iif  ^England,  Two  or  three  of  t hem, 
however,  -ai%%ot  quit^opeft  lh  t'he.  chamber  itfelf,  and  thatnekt  the  b, reach  at  A, 
and  marked  .with  a crofs  (g, t is?  flill  Ueft  fiiut, ' as  a fpecimen  of  the  manner  in 
which  they: do  it.  I have  alfo  in, ore  royal-  chanjbers  and  various  fp^cimen|  of  the 
interior  buildings,  with  feveral  galleries 4 and  palfages,  Ihut  up  while. vve  were 
attacking  the  neft.  " • ‘ ' 

;d  : ' B b . r...  )ir:  : ■ Som:e 
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Some  df  theft;  little  unhappy  creatures  would  ramble  from 
the  chamber,  as  if  tfe  explore  the  caufe  of  fuch  a horrid  ruin 
and  cataftrophe  to  their  immenfe  building,  as  it  mu  ft  appear  to 
them ; and,  after  fruitlefs  endeavours  to  get  over  the  fide 
of  the  bowl,  return  and  mix  with  the  croud  that  continue 
running  round  their  common  parents  to  thelaft  (tab.  VIII.  fig. 
4.  b-).  Others,  placing  themfelves  along  her  fide,  get  hold  of 
the  queen’s  vaft  matrix  with  their  jaws,  and  pull  with  all  their 
ftrength  fo  as  vifibly  to  lift  up  the  part  which  they  fix  at ; but, 
as  I never  faw  any  effeft  from  thele  attempts,  I never  could 
determine  whether  this  pulling  was  with  an  intention  to  remove 
her  body,  or  to  ftimulate  her  to  move  herfelf,  or  for  any  other 
purpofe ; but,  after  many  ineffectual  tugs,  they  would  delift 
and  join  in  the  croud  running  round,'  or  afllft  fome'  of  thole 
who  are  cutting  off  clay  from  the  external  parts  of  the  cham- 
ber or  fome  t)f  the  fragments  and  moiftening  it  with  the 
juices  of  their  bodies,  to  begin  to  work  a thin  arched  fhell 
over  the  body  of  the  queen,  as  if  to  exclude  the  air,  or  to  hide 
Her  from  the  obfervation  of  fome  enemy.  Thefe,  if  not  in- 


terrupted, before  the  next  morhing,  completely  cover  her, 
leaving  room  enough  withirrfor  great  numbers  to  run  about  her. 

I do  not  mention  the  king  in  this  cafe,  becaufe  he  is  very  fmall 
in  proportion  to  the  queen,  not  being  bigger  than  thirty  of  the 
labourers,  fo  that  he  generally  conceals  himfelf  under  one  fide 
of  the  abdomen,  except  when  he  goes  up  to  the  queen  s head, 
which  he  does  now  and  then,  but  not  fo  frequently  as  the  reft. 

If  in  your  attack  on  the  hill  yon  flop  fhort  of  the  royal  cham- 
ber, and  cut  down  about  half  of  the  building,  and  leave  open 

will  all  be  fhut 
ling.  If  even 

the  whole  is  pulled  dowfi,  and*  the  different  buildings  are  thrown 


fome  thoufands  of  galleries  and  chambers/  they 
up  with  thin  fheets  of  clay  before  the  next  mon 
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the  Termites  of  Africa  and  other  .hot  Climates.  iSp 
in  a confufed  heap  of  ruins,  .provided  the  king,  ^nd  .queen  are 
not  deftroyed  or  taken  away,  every  interftice  between  the  ruins, 
at  which  either  cold  or  wet  can  pofiibly  enter,  w ill  be  fo  covered 
as  to  exclude  both,  and,  if  the  animals  are  left  undifturbed, 
in  about  a year  they  will  raife  the  building  to  near  its  priftine 
fize  and  grandeur. 

The  marching  Termites  arenotlefs  curious  in  their  order,  as 
far  as  I have  had  an  opportunity  of  obferving  them,  than  thofe 
defcribed  before.  This  fpecies  feems  much  fcarcer  and  larger 
than  the  Termes  bellicofus . I could  get  no  information  relative 
to  them  from  the  black  people,  from  which  I conjecture  they 
are  little  known  to  them  : my  feeing  them  was  very  accidental. 
One  day,  having  made  an  excurfion  with  my  gun  up  the  river 
Camerankoes,on  my  return  through  the  thick  foreft,  whilft  I was 
fauntering  very  fiiently  in  hopes  of  finding  fome  fport,  on  a hid- 
den I heard  a loud  hifs,  which,  on  account  of  the  many  ferpents 
in  thofe  countries,,  is  a moft  alarming  found.  The  next  ftep 
caufed  a repetition  of  the  noife,  which  I foon  recognized,  and 
was  rather  furprifed  feeing  no  covered  ways  or  hills.  The 
noife,  however,  led  me  a few  paces  from  the  path,  where,  to 
my  great  aftonifhment  and  pleafure,  I faw  an  army  of  Ter- 
mites coming  out  of  a hole  in  the  ground,  which  could  not  be 
above  four  or  five  inches  wide.  They  came  out  in  vaf!  num- 
bers, moving  forward  as  faff  feemingiy  as  it  was  pofiible  for  them 
to  march.  In  lefs  than  a yard  from  this  place  they  divided  into 
two  ftreams  or  columns,  .compofed  chiefly  of  the  firft  order, 
which  I call  labourers,  twelve  or  fifteen  a-breaft,  and  crouded 
as  clofe  after  one  another  as  fheep  in  a drove,  going  ftraight 
forward  without  deviating  to  the  right  or  left,  i^rnong  thefe, 
here  and  there,  one  of  the  foldiers  was  to  be  feen,  trudging' 
along  with  them,  in  the  fame  manner,  neither  flopping 


or 


ipo  Mr.  smeathman’s  Account  of 

or  turning ; and  as  he  carried  his  enormous  large  head  with  ap- 
parent difficulty,  he  put  me  in  mind  of  a very  large  ox  amidft  a 
flock  of  flieep.  While  thefe  were  buttling  along,  a great  many 
foldiers  were  to  be  feen  fpread  about  on  both  fldes  of  the  two  lines 
of  march,  fome  a foot  or  two  diftant,  ftanding  ftill  Or  fan  liter - 
ing  about  as  if  upon  the  look  out  leaf!;  fome  enemy  Ihould  fud- 
denly  come  upon  the  labourers.  But  the  moft  extraordinary 
part  of  this  march  was  the  condudt  of  fome  others  of  the  fol- 
diers,  who  having  mounted  the  plants  which  grow  thinly  here 
and  there  in  the  thick  fhade,  had  placed  themfelves  upon  the 
points  of  the  leaves,  which  were  elevated  ten  or  fifteen  inches 
'above  the  ground,  and  hung  over  the  army  marching  below. 
Every  now  and  then  one  or  other  of  them  beat  with  his  forceps 
upon  the  leaf,  and  made  the  lame  fort  of  ticking  noife  which  I 
had  fo  frequently  obferved  to  be  made  by  the  foldier  who  a£ls 
the  part  of  a furveyor  or  fuper-intendant  when  the  labourers 
are  at  work  repairing  a breach  made  in  one  of  the  common  hills 
of  the  Termites  bellicofi.  This  fignal  among  the  marching 
white  Ants  produced  a fimilar  effect ; for,  whenever  it  was 
made,  the  whole  army  returned  a hifs,  and  obeyed  the  fignal 
by  increafing  their  pace  with  the  utmoft  hurry.  The  foldiers 
who  had  mounted  aloft,  and  gave  thefe  fignals,  fat  quite  ttill 
during  the  intervals  (except  making  now  and  then  a flight  turn 
of  the  head)  and  feemed  as  folicitous  to  keep  their  pofts  as  regular 
centinels.  The  two  columns  of  the  army  joined  into  one  about 
twelve  or  fifteen  paces  from  their  feparation,  having  in  no  part 
been  above  three  yards  afunder,  and  then  defcended  into  the  earth 
by  two  or  three  holes.  They  continued  marching  by  me  for  above 
an  hour  that  I flood  admiring  them,  and  feemed  neither  to  increafe 
or  diminilh  their  numbers,  the  foldiers  only  excepted,  who 

- : quitted 
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quitted  the  line  of  march,  and  placed  themfelyes  at  different 
diftances  on  each  fide  of  the  two  columns  ; for  they  appeared 
much  more  numerous  before  I quitted  the  fpot.  Not  expect- 
ing to  fee  any  change  in  their  march,  and  being  pinched  for 
time,  the  tide  being  nearly  up,  and  our  departure  fixed  at 
high  water,  I quitted  the  fcene  with  fome  regret,  as  the  obfer- 
vation  of  a day  or  two  might  have  afforded  me  the  opportunity 
of  exploring  the  reafon  and  neceflity  of  their  marching  with 
fuch  expedition,  as  well  as  of  difcovering  their  chief  fettlement, 
which  is  probably  built  in  the  fame  manner  as  the  large  hills 
before  defcribed.  If  fo,  it  may  be  larger  and  more  curious,  as 
thefe  infects  were  at  lead:  one-third  larger  than  the  other  fpecies, 
and  confequently  their  buildings  muft  be  more  wonderful  if 
poflible  : thus  much  is  certain,  there  muft  be  fome  fixed  place 
for  their  king  and  queen,  and  the  young  ones.'  Of  thefe  fpe- 
cies I have  not  feen  the  perfect  infe<ft. 

The  oeconomy  of  nature  is  wonderfully  difplayed  in  a com- 
parative obfervation  on  the  different  fpecies  who  are  calculated 
to  live  under  ground  until  they  have  wings,  and  this  fpecies 
which  marches  in  great  bodies  in  open  day.  The  former,  in 
the  two  firft  ftates,  that  is,  of  labourers  and  foldiers,  have  no 
eyes  that  I could  ever  difcover ; but  when  they  arrive  at  the 
winged  or  perfect  ftate  in  which  they  are  to  appear  abroad, 
though  only  for  a few  hours,  and  that  chiefly  in  the  night, 
they  are  furnifhed  with  two  confpicuous  and  fine  eyes : 
fo  the  Termes  viarum , or  marching  Bugga  Bugs,  being  in- 
tended to  walk  in  the  open  air  and  light,  are  even  in  the  firft 
ftate  furnifhed  with  eyes  proportionably  as  fine  as  thofe 
which  are  given  to  the  winged  or  perfect  infedls  of  the 
other  fpecies. 


I -am 


ipz  Mr.  smeathman’s  Account , &c. 

1 am  afraid  of  encroaching  upon  your  time,  which  leads  me 
to  drop  the  fubjedt  for  the  prefent ; but,  as  my  materials  are 
not  exhaufted,  if  thefe  flieets  meet  with  your  approbation,  it 
will  encourage  me  to  give  fome  further  particulars,  with  ob- 
fervations  and  reflections,  at  a future  period. 

I have  the  honour  to  be,  &c. 


4 


PfutosJ'r 


: 


Philos. Trane.  Vbl.LJCYZ.lAb7irxn.p.j^2 . 


{ m 3 


XII.  An  Account  of  feveral  Earthquakes  felt  in  Wales.  By 
Thomas  Pennant,  Efq.  F.  R.  S.  in  a Letter  to  Sir  Jofeph 
Banks,  P.  R.  S. 

Read  January  2 5 , 1781. 

6EAK  SIR,  , Downing, 

Dec.  1 2,  1781* 

IT  is  very  fingular,  that  ill  three  days  after  my  return  home 
I (hould  be  reminded  of  mypromife  by  a repetition  of  the 
very  phenomenon  on  which  I had  engaged  to  write  to  you  : 
for  on  Saturday  laft,  between  four  and  five  in  the  evening,  we 
were  alarmed  with  two  (hocks  of  an  earthquake ; a flight  one, 
immediately  followed  by  another  very  violent.  It  feemed  to 
come  from  the  north-eaft,  and  was  preceded  by  the  ufual  noife  ; 
at  prefent  I cannot  trace  it  farther  than  Holywell. 

The  earthquake  preceding  this  was  on  the  29th  of  Au- 
guft  laft>  about  a quarter  before  nine  in  the  morning.  I 
was  fore-warned  of  it  by  a rumbling  noife  not  unlike  the 
coming  of  a great  waggon  into  my  court-yard.  Two  (hocks 
immediately  followed,  which  were  ftrong  enough  to  terrify  usb 
They  came  from  the  north-weft  ; were  felt  in  Anglefea,  at  Caer- 
narvon, Llanrwft,  in  the  ifle  of  Clwyd  fouth  of  Denbigh,  at 
this  houfe,  and  in  Holywell ; but  I could  not  difcover  that 
their  force  extended  any  farther* 

The  next  in  this  retrograde  way  of  enumerating  thefe  phe- 
nomena was  on  the  8th  of  September  1775,  about  a quarter 
Vol.  LXXI.  C c before 


194  Mr.  pennant’s  Account  of  feveral  Earthquakes. 
before  ten  at  night,  the  noife  was  fuch  as  preceded  the  former  ; 
and  the  (hock  fo  violent  as  to  (hake  the  bottles  and  glafles  on 
the  table  round  which  myfelf  and  fome  company  were  fitting. 
This  feemed  to  come  from  the  eaft.  I fee  in  the  Gentleman’s 
Magazine  of  that  year,  that  this  fhock  extended  to  Shropfhire, 
and  quite  to  Bath,  and  to  Swanfea  in  South  Wales. 

The  earlieft  earthquake  I remember  here  was  on  the  \ oth  of 
April  1750,  It  has  the  honour  of  being  recorded  in  thePhilo- 
fophical  Tranfaftions,  therefore  1 fhall  not  trouble*  you  with 
the  repetition  of  what  I have  faid. 

Permit  me  to  obferve,  that  I live  near  a mineral  country,  in 
a lit  nation  between  lead  mines  and  coal  mines ; in  a fort  of 
neutral  traft,  about  a mile  diftant  from  the  firft,  and  half  a. 
mile  from  the  laft.  On  the  ftri&eft  inquiry  I cannot  difcover 
that  the  miners  or  colliers  were  ever  fenfible  of  the  fhocks 
under  ground  : nor  have  they  ever  perceived,  when  the  fhocks 
in  queftion  have  happened,  any  falls  of  the  loofe  and  fhattery 
ftrata,  in  which  the  laft  efpecially  work ; yet,  at  the  fame 
time,  the  earthquakes  have  had  violence  fufficient  to  terrify 
the  inhabitants  of  the  furface.  Neither  were  thefe  local ; for, 
excepting  the  firft,  all  may  be  traced  to  very  remote  parts.  The 
weather  was  remarkably  ftill  at  the  time  of  every  earthquake 
I have  felt. 

I remain,  with  true  regard,  &c. 


E l95  3 


XIII.  Ext  raff  of  a Letter  from  the  Right  Honourable  Philip 
Earl  Stanhope,  F . R.  S.  to  Mr.  James  Clow,  Profeffor  of 
Philofvphy  in  the  Univerfty  of  Glafgow.  Dated  Chevening, 

February  16,  1777*  . 
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Read  June  10,  1780, 
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HAVE  lately  made  forne  curious  obfervations  concerning 
the  roots  of  adfedted  equations,  part  of  which  have  oc- 
curred to  Meffieurs  daniel  Bernoulli,  euler,  de  la 
grange,  Lambert,  and  others;  but  fome  of  them,  I be* 
lieve*  are  quite  new.  I will  give  you  one  inftance  of  a qua- 
dratic equation,  as  the  fimpleft. 

Let  the  quadratic  equation  1 ixx  15X+  5 — 0,  be  propofed. 
I fay  then,  that  if  two  recurring  feries  be  formed  from  the 

fractions  -ii— , 2 — ^ which  have  a common  denomi- 


zz 


z — zz. 


nator,  and  each  feries  of  co-efficients*  continued  both  ways 
(that  is,  as  well  before*  as  after  the  firft  term)  the  fra&ions 
formed  by  dividing  each  term  of  the  firft  feries  by  the  cor- 
refponding  term  of  the  fecond  feries,  viz. 

t>  —11  +7  —4  +3  —1  —3  2 1 I 3 4 7 11  18  29  Q. 

&C. 5 — 5 — > — ->  — ^ 5 -5  5 M — ) — > — > --  &C4 

-14  +9  -5  +4  -i  -4  3 2 I 5 7 12  *9  31  50 

will  converge  in  the  fimpleft  manner  poffible;  thofe  before  the  bar, 
in  a retrograde  order  to  the  greater  root  i and  thofe  after 

the  bar,  in  a direft  order  to  the  finallefr  root  -VrAll ; where  it  is  to 

C c % be 
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be  obferved,  that  the  greater  root  is  affirmative,  notwithftand- 
ing  the  lign  - being  prefixed  to  fome  of  the  terms,  becaufe 
in  each  fraction  the  numerator  and  the  denominator  are  affedted 
by  the  fame  fign,  whether  + or  - . 

The  chief  improvement  I have  made  confifts  in  approxi- 
mating to  two  roots  at  once,  by  one  and  the  fame  feries,  con- 
tinued backwards  as  well  as  forwards.  I have  not  time  to  en- 
large  upon  this  fubjedt  at  prefent ; but  the  little  I have  faid 
will  be  a Ipecimen  of  the  method  to  be  ufed  in  highexr 
equations# 


f l97  } 


XIV.  Extract  of  Two  Meteorological  Journals  of  the  Weather  ob~ 
ferved  at  Nain  in  5,7°  North  Latitude , and  at  Okak  in  57°  20' 
North  Latitude,  both  on  the  Coaft  of  Labradore.  Communis 
eated  by  Mr.  De  la  Trobe. 


Read  March  8,  1781. 
THERMOMETER  AT  OKAK. 


1779 

Higiielt. 

* Low  eft. 

Mean. 

uguft 

78,0 

37>° 

. 52,0 

September 

74>° 

32,0 

. 45*0 

October 

45>° 

11,0 

32.3 

■M  ovember 

36>° 

I5>0 

27>3 

December 

31*0 

12,0 

12,7 

0 

00 

... 

t 

January 

3S>° 

13,0 

; *5>3 

February 

33>° 

• 

17,0 

*3>x 

March 

45>° 

14,0 

10,0 

April 

57>° 

90 

29^5 

May 

55>° 

23.0 

39>° 

June 

68,o 

33’° 

4 3>6 

July 

84,0 

38>° 

52,0 

Ther-- 
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Thermometer  at  Nain. 

Barometer  at  Nain. 

00 

1— i 

Higheft 

Lowed 

Mean. 

Higheft. 

Lowed. 

Mean. 

September 

68,o 

35,0' 

45?3 

28,41 

27,10' 

28,1,3 

October 

60,0 

i'5/° 

35? 1 

■ 28,8 

27,4 

28,2,0 

November 

• 37>o 

^0 

25,4 

28,8 

27,3 . 

28,0,2 

December 

28,0 

30,0 

L9 

28,7 

" 27,2  * 

28,2,4 

1 779 

January 

i3>° 

29,0 

i4,3 

28,8 

26,1 1 

28,1,4 

February 

1 3-° 

36,° 

J3> 2 

28,5! 

27,5 

27,9,9 

March 

29,0 

20,0 

5,o 

28,7 

27,  S 

28,2,8 

April 

Sh° 

5,0 

*7>7 

28,6! 

27,31 

28,1,9 

May 

63,0 

22,6 

34,9 

28, 7i 

27, 9f 

28,2,0 

June 

77,0 

32?° 

42,2 

28,3 

27, S 

28,2,5 

Ju!y 

74,o 

36, 0 

48,2 

28,5 

2/,7 

28,1,9 

Auguft 

78,0 

' 38>° 

^2,0 

28,5 

27,8 

28,1,5 

September 

74,o 

3;5>° 

45-4 

5)8,6 

27,5 

28,1,4 

October 

47,0 

1*4,0 

33, 6 

2! 

8,6 

i;  27, L 

28,2,5 

November 

36,0 

9,° 

27,3 

28,5 

27,^ 

28,6,1 

December 

13,0 

i'm' 

'•  2*8,3! 

■ 27, kf 

28,3,0 

1780 

_ 

, 

1::;  | 

January 

3(5,° 

16,0 

!3,4 

l ‘ :•  or 

" 2 

8,2  • 

26,t 

27,6,8 

February 

37,o 

2^,0 

9,7 

1 1 

3,5#‘ 

26, to 

27,9,5 

March 

39,0 

T?,o 

10,0 

2 

8,8 

.27,1 

28,1,9 

April 

4)5,o 

4,0 

28,2 

2 

8,8| 

27,1 

28,3,7 

May 

53’° 

2 

$,0 

37,6 

' 2! 

8,6 1 

27,4 

28,3,1 

June 

61,0 

3: 

fho 

4^5  i 

. 2! 

8,3 

26,11 

28,0,5 

July 

84,0 

39>° 

52,2 

28, T? 

27,5 

28,1,3 

Auguft 

70,0 

37'° 

.5.0,4 

28, 3i 

27,5 

28,1,0 
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Time. 

Therm* 

without 

Therm. 

within. 

Baroiih 

Rain* 

Winds. 

Weather. 

H.M. 

Inches. 

Inch. 

Points. 

Str. 

Jan.  1 

8 

0 

27,0 

33.° 

30.24 

NE 

1 

Foggy  and  frofty. 

2 

0 

3l>° 

34.o 

3°. 1 7 

SE 

1 

Foggy. 

2 

8 

0 

32>° 

33>° 

30)35 

SE 

i 

Foggy. 

2 

0 

36,0 

35.o 

3°) 16 

SE 

1 

Foggy. 

3 

8 

0 

41,0 

37)0 

3°  °9 

SE 

1 

Foggy. 

2 

0 

43)5 

38,5 

30,08 

SE 

1 

Foggy  and  cloudy. 

4 

8 

0 

3S.o 

3s>° 

30,26 

N by  W 

1 

Fair. 

2 

0 

39>° 

39>S 

30,34 

NE 

1 

Fine. 

5\ 

8 

■0 

3>.o 

36>° 

3°,  3° 

WNW 

i 

Fair. 

2 

0 

36,0 

37=5 

30,28 

NW 

I 

Fine. 

6 

8 

0 

33>5 

3S»° 

3°)°o 

W 

I 

Cloudy. 

2 

0 

37,5 

3&)S 

29,98  - 

sw 

I 

Foggy  and  rain. 

7 

8 

0 

36>° 

36)5 

3°, 1 4 

ENE 

I 

Cloudy. 

2 

0 

36,5 

38>5 

30,20 

NE 

I 

Fine. 

8 

8 

0 

26,0 

33)° 

3°^  5 

NE 

I 

Fair  and  frofty. 

2 

0 

3°, 5 

35)5 

S°,04 

NE 

I 

Frofty. 

9 

8 

0 

,22,5 

3°>° 

29.95 

NE 

I 

F rofty. 

2 

0 

29>5 

31)0 

29,88 

E 

I 

Fine. 

10 

8 

0 

29,0 

3°)° 

29,67 

- 

N by  E 

I 

Cloudy. 

2 

0 

33»° 

3LS 

29,59 

NE 

I 

Cloudy  and  fnow\ 

11 

8 

0 

25,° 

29)5 

29,58 

SW 

I 

Cloudy. 

2 

0 

32>° 

3L5 

29.65 

NNW 

I 

Foggy  and  fnow. 

12 

8 

0 

24,5 

29>5 

29,61 

NW 

I 

Fair  and  frofty. 

2 

0 

29,0 

30,0 

29,67 

NW 

I 

Fine. 

13 

8 

0 

20,0 

27,0 

29,94 

, 

N by  E 

I 

Fair  and  frofty. 

2 

0 

27,0 

28,0 

29,89 

NE 

I 

Fair  and  frofty. 

H 

8 

0 

20,0 

25.0 

29,81 

NE 

I 

Fair  and  frofty. 

2 

0 

3°»° 

28,0 

29,89 

NE 

I 

Fine, 

l5 

8 

0 

21,5 

24,5 

29,45 

NE 

I 

Fair  and  frofty. 

2 

0 

33>° 

27 .5 

29,27 

NE 

I 

Foggy. 

16 

8 

0 

40,0 

32.0 

28,70 

0,185 

SW 

2 

Fair. 

2 

0 

+7,°  1 

365  1 

28,59  1 

SW 

2 

Rainy. 

1 
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( 

METEOROLOGICAL  JOURNAL 

for  January  1780, 


1 

Time, 

Therm. 

without 

Therm. 

within. 

Barom. 

Rain. 

4 Winds. 

i 

r~  Weather." 

1 • . T 

H.  M. 

Inches. 

Inch. 

Points. 

Str. 

>n.  17 

8 

0 

40,0 

37.0 

28,73 

0,035 

SW 

; I' 

Cloudy,  , * 

2 

0 

46,° 

4°,  5 

28,74 

W by  N 

I 

jFinel  ! . 

18 

8 

0 

3&.5 

38>° 

28,92 

0,042 

NE 

I 

Cloudy.  * *j 

2 

0 

41,0 

39.5 

28,97 

sw  - 

I 

Cloudy,  i t 

*9 

8 

0 

37.° 

39.° 

29,14 

0,214 

NE 

I 

Cloudy. , ■■  b ; 

2 

0 

40,0 

37?5 

29,28 

NE  7 

I 

Cloudy. 

20 

8 

0 

34>° 

38.° 

29>37 

0,150 

N by  E 

I 

Rain. 

; 

2 

0 

35.5 

39.° 

29>43 

. NE 

2 

Rainy.  ; 

21 

8 

0 

33>° 

3 7.o 

29>77 

0,066 

N by  E 

2 

Fair. 

| | 

2 

0 

3&.S 

38.5 

29,86 

N by  E 

2. 

Fine. 

22 

8 

0 

2S>° 

33.o 

3°,°6 

N by  W- 

, I 

Fair  and  frofty. 

2 

0 

32,0 

3S>° 

30,00 

N by  E 

I 

Fine. 

2 3 

8 

0 

24, Q 

31.0 

30, oo 

NE 

I 

Fair  and  frofty. 

2 

0 

28,0 

32,5 

3°5°S 

NE 

I 

Foggy.  1 

I 24 

8 

0 

26,5 

31.0 

30,01 

i 

NW 

I 

Fair  and  frofty. 

2 

0 

34.o 

32.5 

29,99 

: 

N E ■' 

I 

Fine. 

* 25 

8 

0 

29,0 

30,0  . 

30,12 

| 

N by  E 

I 

Fair  and  frofty. 

2 

0 

35.5 

33.5 

30,06 

1 

N by  E 

I 

Snow. 

26 

8 

0 

31.0 

3h° 

29>95 

N by  E 

2 

Cloudy. 

2 

0 

34.5 

32,5 

29>9  5 

4 

N by  E 

I 

Cloudy  and  fn  ow. 

' 27 

8 

0 

28,0 

32,0 

29,90 

N 

I 

Cloudy  with  fnow. 

2 

0 

31?0 

32,5 

29,92 

N 

I 

Cloudy  and  fnow. 

28 

8 

0 

3°,° 

32.5 

29,92 

* E by  N 

I 

Cloudy. 

2 

0 

32,5 

34.° 

29,90 

E by  N 

I 

Clouuy. 

29 

8 

0 

3E5 

32,0 

29,80 

, ENE 

I 

Cloudy. 

2 

0 

35>° 

34.5 

29>74 

ENE 

I 

Cloudy. 

3° 

8 

0 

29,0 

31,0 

29,66 

NE 

2 

Cloudy. 

2 

0 

3°j° 

32,° 

29,66 

NE 

2 

Cloudy. 

31 

8 

0 

3°?5 

3!.o 

29,74 

E by  S 

2 

Cloudy. 

2 

0 

34,° 

33.° 

29,71 

ENE 

2 

Cloudy. 

D d 
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METEOROLOGICAL  JOURNAL 

for  February  1780, 


7 

IT  me. 

Therm. 

without 

Therm. 

within. 

Barom. 

Rain. 

Winds. 

- 

Weather. 

H. 

M. 

Inches. 

1 nch. 

Points. 

Str. 

Feb.  1 

8 

0 

3°,  5 

32>° 

29>65 

NE 

2 

Cloudy. 

2 

0 

32,0 

33>° 

29,62 

NE 

1 

Cloudy. 

2 

8 

0 

2^?5 

31,0 

29,48 

N by  E 

1 

Fair. 

2 

0 

00  r 

34,5 

29.47 

NE 

1 

Fair. 

3 

8 

0 

3L5 

32>5 

29.57 

NW 

1 

Fair. 

2 

0 

36,5 

34)5 

29,69 

NVV 

1 

Cloudy. 

4 

8 

0 

29,0 

33.° 

29?74 

SW 

1 

Fair. 

2 

0 

38>5 

35,5 

29,6? 

S by  W 

1 

Fine- 

5 

8 

0 

3°>5 

33>° 

29.43 

NE 

1 

Fine. 

2 

0 

35>° 

35.° 

29,41 

SE 

1 

Fine. 

6 

8 

0 

33?° 

34,° 

29,08 

6,210 

NE 

1 

Rainy. 

2 

0 

36>5 

35,° 

29,11 

wsw 

1 

Rainy  and  foggy. 

7 

8 

0 

34;° 

35>° 

29.48 

0,034 

NW 

1 

Fair. 

2 

0 

38>5 

38,° 

29,68 

NW 

± 

Fine., 

• 8 

8 

0 

32>5 

36>° 

29,89 

0,022 

SE 

1 

Fair. 

2 

0 

41,0 

48,0 

29,92 

SE 

1 

Fine. 

9 

8 

0 

43>° 

39»o 

3°,o° 

0,270 

S by  W 

1 

Cloudy. 

2 

0 

5°’5 

42,0 

30,08 

S by  E 

1 

Cloudy. 

10 

8 

0 

45?5 

44,5 

30,22 

0,015 

SW 

1 

.Cloudy. 

2 

0 

5L5 

46,5 

30,24 

SW 

1 

Cloudy. 

11 

8 

0 

4°>° 

4S>5 

3°,47 

NE 

1 

Cloudy. 

2 

0 

44,o 

45)5 

3°, 45 

ENE 

1 

Fine. 

12 

8 

0 

36>5 

42)0 

3°, 47 

NE 

I 

, Cloudy. 

2 

0 

41*0 

43)° 

30,47 

ENE 

1 

Cloudy. 

J3 

8 

0 

37?° 

40,5 

30,48 

NE 

1 

Fair. 

2 

0 

4L5 

42,0 

30,52 

NE 

1 

Fair. 

14 

8 

0 

34>° 

39)5 

30,50 

N by  W 

1 

Cloudy. 

2 

0 

43>° 

47;5 

30,46 

N by  W 

1 

Cloudy. 

15 

8 

0 

35’S 

39)5 

30,40 

N by  W 

1 

Fair. 

2 

0 

40,0 

40,0 

30,39 

N by  W 

t 

Cloudy. 

16 

8 

0 

37>° 

39)0 

30,08 

NW 

1 

Fair. 

2 

0) 

45?° 

42,0  , 

30,00 

NW 

1 1 

Fair.  j 
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METEOROLOGICAL  JOURNAL 
for  February  1780. 


Time. 

Therm. 

.Without 

Therm. 

within. 

Barom. 

Rain. 

Winds 

Weather. 

H. 

M. 

- 

Inches. 

Inch. 

Points. 1 

Str. 

Feb.  17 

8 

0 

32,° 

38!° 

3°,  1 9 

S by  E 

1 

Foggy. 

2 

0 

38,5 

-39,0 

3°>25 

SE 

1 

Foggy  and  cloudy. 

18 

8 

0 

3S,o 

38>s 

3 °>°6 

SW 

t 

Cloudy. 

2 

0 

41,0 

4;i,o 

29,92 

SW 

1 

Cloudy. 

19 

8 

0 

36>° 

40,5 

3°>4i 

0,030 

NE 

i 

Fine. 

2 

0 

43,° 

42,0 

29,49 

W 

1 

Fair. 

20 

8 

0 

27,5 

37,o 

29,56 

NW 

1 

Fine. 

2 

0 

34,o 

37,o 

29-57 

NNW 

1 

Snow. 

21 

8 

.0 

27,5 

33,o 

29,72 

NW 

2 

Fair. 

2 

0 

36,o 

35, 5 

29,78 

NW 

2 

Fine. 

22 

8 

0 

28,0 

32,5 

29,86 

NW 

2 

Fine. 

2 

0 

3°,° 

37,5 

29,94 

' 

NW 

1 

Fine. 

23 

8 

0 

28,0 

32,5 

30,18 

NNW 

1 

Fine. 

2 

0 

38,0 

35  y° 

30,24 

NW  1 

1 

Fine. 

24 

8 

0 

34.° 

34,0 

30,23 

ssw 

1 

Cloudy. 

2 

0 

41, ° 

36,° 

30,27 

SW 

1 

Rainy. 

25 

8 

0 

41,0 

38,5 

30,06 

0,015 

SW 

2 

Cloudy. 

2 

0 

47,° 

49,° 

29,88 

SW 

2 

Cloudy. 

26 

8 

0 

26,5 

35,o 

29>83 

0,128 

NW 

3 

Fine. 

2 

0 

3M 

35,5 

3°,°8 

NE 

3 

Fine. 

27 

8 

0 

34>° 

34,5 

29,99 

SW 

2 

Snowy. 

2 

0 

42,0 

3^,5 

29,82 

SSW 

1 

Cloudy. 

28 

8 

0 

42,0 

40,0 

,29,92 

0,034 

WSW 

1 

Cloudy. 

2 

0 

53>5 

44,5 

29,95 

wsw 

2 

Fine, 

29 

8 

0 

40,0 

46,0 

29,91 

W by  S 

1 

Fair. 

2 

0 

50, ° 

4J,o 

30,03 

SW 

1 

Fine. 

D d 2 
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METEOR  OLOGIC  A L JOURNAL 

for  March  1780. 


Time. 

Therm. 

without 

Therm. 

within. 

Barom. 

Rain. 

Winds 

• 

Weather. 

H. 

M. 

inches. 

Inch. 

Points. 

Str. 

Mar.  1 

7 

•0 

34?5 

43,0 

3°, 10 

W by  S 

1 

Fair. 

2 

0 

47  >° 

46,0 

3°, °9 

SW 

1 

Fine. 

2 

7 

0 

45?° 

45>5 

29,78 

sw 

1 

Cloudy. 

2 

0 

505° 

41,0 

29,59 

SE 

1 

Cloudy. 

3 

7 

0 

39?° 

45,0 

29,74 

WNW 

1 

Cloudy. 

2 

0 

48,5 

48?5 

29,65 

NW 

1 

Fine. 

4 

7 

0 

37?5 

43,o 

29,91 

SW 

1 

Fair. 

2 

0 

S°,5 

46,0 

30,05 

W byN 

1 

Fine. 

5 

7 

0 

47,o 

45,0 

30,27 

0,071 

WSW 

2 

Fair. 

2 

0 

55,o 

48,5 

30,25 

WSW 

1 

Cloudy. 

6 

7 

0 

45,o 

47,5 

30,37 

sw 

1 

Fine. 

2 

0 

' 56,0 

52,0 

30,42 

SW 

2 

Fine. 

7 

7 

0 

47,5 

51,0 

30,36 

SW 

1 

Fair. 

2 

0 

57,o 

53,0 

3°,  39 

sw 

2 

Fine. 

8 

7 

0 

48,0 

51,0 

3°,  3 7 

! 1 

sw 

1 

Cloudy. 

1 

! 

2 

0 

54,o 

55,5 

30,35 

sw 

1 

Fair. 

9 

7 

0 

44,5 

50,0 

3°,J3 

ssw 

1 

Cloudy. 

i -g 

2 

0 

50,0 

5:,5 

30,01 

sw 

1 

Fine. 

10 

7 

0 

37,o 

46,0 

3°,  34 

W by  S 

1 

Fair. 

2 

0 

50,0 

48,5 

3°, 45 

sw 

1 

Fine. 

1 1 

7 

0 

35,o 

43,o 

30,39 

SE 

1 

Fair. 

2 

0 

50,0 

47,o 

30,25 

sw 

1 

Fine. 

12 

7 

0 

44,o 

45,o 

29,78 

S by  W 

1 

Cloudy. 

; 1 

2 

0 

52,0 

48,5 

29,79 

SSW 

1 

Rainy. 

*3 

7 

0 

35,° 

44,o 

30,26 

0,072 

SW 

1 

Fine. 

2 

0 

51,0 

47,5 

30,15 

SW 

1 

Fine. 

14 

7 

0 

44,o 

47,° 

29,93 

SSW 

1 

Fine. 

2 

0 

54,5 

48,5 

29,82 

SW 

2 

Fine. 

*5 

7 

0 

45,o 

49,0 

29,52 

0,046 

W by  N 

2 

Rainy. 

2 

0 

48,5 

50,0 

29,58 

WNW 

2 

Fine. 

16 

7 

0 

42,0 

46,0 

29,38 

0,227 

NW 

I 

Fine. 

2 

0 

51,0 

5°>o 

29,67 

V 

NW 

I 

Fine. 

M E T E- 
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METEOROLQ G I CAL  JOURNAL 

for  March  1780. 


Time. 

Therm. 

without 

Therm. 

within. 

Barom. 

Rain. 

Winds. 

1 

Weather* 

i j 

H.M. 

Inches. 

Inch. 

Points. 

Str. 

Mar.  1 7 

7 

O 

38=o 

36=° 

29?99 

NW 

1 

Fine. 

2 

O 

49?5 

56>o 

29,42 

NW 

1 

Fine. 

18 

7 

O 

50,0 

5r=° 

29,67 

NW 

2 

Cloudy. 

2 

O 

48,0 

5*=° 

29?43 

NW 

2 

Rainy. 

*9 

7 

O 

40,0 

58,0 

29?35 

0,360 

NW 

1 

Fine. 

2 

O 

54?° 

5°=5 

29=47 

NW 

1 

Fine. 

20 

7 

O 

47>° 

49  ?5 

29,46 

0,160 

NE 

1 

Cloudy  and  rain. 

2 

O 

59=° 

5 4?° 

29.95 

NW 

1 

Cloudy. 

21 

7 

O 

5°=° 

5LO 

29,82 

NW 

1 

Cloudy,. 

i 

2 

O 

58,0 

54?o 

29,78 

NW 

1 

Cloudy. 

22 

7 

O 

44,0 

5o,o 

29=83 

NW 

1 

Cloudy. 

2 

O 

52>° 

5L5 

29=92 

sw 

2 

Fine. 

23 

7 

0 

37,o 

45?° 

30,28 

NW 

1 

Fine. 

2 

0 

56=° 

465° 

30=27 

SW 

1 

Fine. 

24 

7 

0 

35,5 

43?5 

30,1 1 

E by  S 

1 

Fair. 

2 

0 

Sb5 

46,5 

30,00 

E by  N 

1 

Fine. 

25 

7 

0 

43>° 

45?5 

29=82 

0,112 

SSE 

1 

Fine. 

2 

0 

56,0 

49>° 

29=97 

SE 

X 

Fine. 

26 

7 

0 

46,0 

47?° 

29=94 

S by  E 

1 

F air. 

2 

0 

Sb5 

56>5 

29=94 

SSE 

1 

Fair. 

27 

7 

0 

52,5 

5L5 

29,90 

SSE 

1 

Fair. 

2 

0 

62,5 

55>° 

29=85 

SW 

1 

Fine. 

28 

7 

0 

5*5° 

54?° 

29,62 

E by  N 

1 

Fair. 

2 

0 

56,0 

56?5 

29,61 

SW 

1 

Rainy* 

29 

7 

0 

47=o 

5*?5 

29,84 

0,077 

S by  W 

2 

Fair. 

2 

0 

5S=o 

54?  5 

29,82 

S by  W 

2 

Fair* 

3° 

7 

0 

5J=5 

53,5 

29,71 

SSW 

1 

Fair. 

2 

0 

55=o 

55?5 

29=69 

SW 

1 

Showery  with  fun«£hine< 

3i 

7 

0 

45=o 

52,0 

29=63 

0,054 

SSW 

1 

Fine. 

0 

5°=° 

53?5 

29,62 

sw 

1 

Rainy. 
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METEOROLOGICAL  JOURNAL 

I 

for  April  1780. 


Time. 

Therm. 

without 

Therm.  ] 
within. 

Bajrom 

Rain. 

Winds, 

Weather. 

H.M. 

Inches 

Inch. 

Points. 

Str. 

Apr.  1 

7 

0 

40,0 

48,5 

29,88 

0,3241 

N by  E 

1 

Fair. 

2 

0 

49>° 

50,0 

29,87 

SSE 

1 

Fine. 

2 

7 

0 

44,o 

46,0 

29,5! 

0,014 

SE 

1 

Cloudy. 

2 

0 

49  >° 

49,5 

29,21 

SSE 

1 

.Rainy. 

3 

7 

0 

4i,5 

46>  5 

28,81 

o,333 

wsw 

1 

Cloudy. 

2 

0 

44,0 

47,o 

28,88 

MNW 

1 

-Rainy. 

4 

7 

0 

34,0 

42.0 

29,36 

0,010 

NNW 

1 

Fine. 

' 

2 

0 

44?  5 

43>5 

29,45 

NW 

2 

Fine. 

5 

7 

.0 

35*5 

40.5 

29,48 

0,016 

sw 

I 

Fine. 

2 

0 

35>5 

4>,° 

29,5° 

NNW 

I 

Snow. 

6 

7 

0 

34,o 

39>° 

29,68 

M 

O 

N by  W 

I 

Fine. 

2 

0 

45,o 

43.° 

29,83 

NW 

I 

Fine. 

7 

7 

0 

• 33,° 

38>° 

29,81 

0,010 

NE 

I 

Fair. 

2 

0 

‘*46,5 

42,0 

29,72 

SE 

I 

Fine. 

8 

7 

0 

| 34,o 

39.° 

29,71 

NNE 

I 

Fine. 

2 

0 

46,5 

42>5 

29,80 

N by  W 

I 

Fair. 

9 

7 

0 

40,0 

39.° 

30,08 

0,020 

NN  E 

2 

Fine. 

2 

0 

47>5 

4>,5 

30,12 

ENE 

I 

Fine. 

10 

7 

0 

33  ’5 

38>° 

30,17 

SE 

T 

Fair* 

2 

0 

47,0 

4L5 

30, 10 

E by  N 

I 

Fair. 

11 

7 

0 

41,0 

41,0 

29,77 

0,050 

S bv  E 

I 

Rainy. 

2 

0 

46,0 

49>° 

29,79 

SE 

I 

Rainy. 

12 

7 

0 

42,0 

43>5 

29,50 

0,156 

NW 

I 

Fine. 

2 

0 

5^0 

47,o 

29,46 

W by  N 

I 

Cloudy. 

i3 

7 

0 

,38,0 

43'° 

29,57 

0,250 

NNE 

2 

Fine. 

2 

0 

37,o 

44,5 

29,69 

NNE 

2 

Rain. 

l H 

7 

0 

4TO 

42,0 

29^72 

0,038 

NW 

2 

Fair. 

2 

0 

4^,5 

44,5 

29?75 

NW 

2 

Fair. 

7 

0 

43,5 

43,5 

29>75 

5] 

WSW 

I 

Cloudy. 

5 

2 

0 

5i,5 

46,0 

29^74  • 

■ 

W hy  N 

I 

Cloudy. 

16 

7 

0 

47,0 

457o“ 

29,62 

o>035 

NW  * 

2” 

fine. 

I 2 

0 

55,° 

49,0 

29,67 

WNW 

2 

Fine. 

M E T E' 
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METEOROLOGICAL  JOURNAL 

for  April  1780. 


i 

! 

runs. 

Therm. 

without 

1 1'herm. 
within. 

Barcm. 

Raiu. 

VV  inds. 

Weather. 

f-J.  M. 

[ 

Inches. 

Points. 

Str. 

Apr.  17 

7 

c 

43.° 

46,5 

29,38 

0 

0 

CO  1 

0 ! 

WNW 

3 

Fine. 

2 

0 

49,° 

5°?o 

29>37 

WN  VV 

3 

Fine. 

l8 

7 

0 

4L5 

46  5 

29,50 

0,056 

s-w 

2 

Cloudy. 

2 

0 

48  5 

47>5 

29,46 

wsw 

2 

Showery. 

*9 

7 

0 

43>° 

44,0 

29,72 

O 

V) 

O 

O 

N by  E 

2 

Fine. 

2 

c 

53’° 

48,0 

29,76 

N by  E 

2 

Fair.  . 

20 

7 

0 

42,0 

44?  5 

2 9?  94 

0,030 

NW 

1 

Fine. 

2 

.0 

52>° 

48,0 

3°>01 

NW 

1 

Fair. 

21 

7 

0 

47.5 

48  0 

29, 91 

SSE 

1 

Fair. 

1 

2 

0 

52,0 

50,0 

29j83 

SSW 

2 

Showery. 

22 

7 

0 

47>° 

5°>° 

29,7° 

0,109 

sw 

1 

Cloudy. 

2 

0 

58>° 

53  5 

29, 71 

sw 

1 

Fine. 

23 

7 

0 

47>5 

5°>° 

29,52 

0,031 

S by  W 

1 

Fine. 

2 

0 

56>5 

54?° 

29>47 

ssw 

2 

Showery. 

24 

7 

0 

46,5 

5L° 

29,46 

o' 

wsw 

2 

Fine. 

2 

0 

S4,o 

5 3?  5 

29-43 

SSE  : 

2 

Showery. 

25 

7 

0 

45,o 

5°>5 

29>52 

0,053 

S by  E 

1 

Fine. 

2 

0 

56>5 

54>° 

29.46 

SSW 

1 

Fine. 

26 

7 

0 

45,o 

; 49,0 

29,46 

0,39! 

NW 

2 

Fine. 

2 

0 

58,0 

53>5 

29?74 

NW 

2 

Fine. 

2/ 

7 

0 

5°,° 

5°?5 

29,50 

0.210 

SSW 

1 

Rainy. 

0 

0 

56,0 

V 54?o 

29,44 

SSW 

1 

Rainy. 

28 

7 

0 

54,5 

55?° 

29>83 

0,183 

sw 

1 

Cloudy. 

2 

0 

60,5 

59>5 

29,85 

sw 

1 

Rainy. 

29 

7 

0 

53,° 

56,0 

29,66 

0,066 

SW 

1 

Cloudy. 

A 

0 

65,5 

fco,5 

29,66 

SW 

1 

Fine. 

3° 

7 

0 

55,o 

58,0 

29,71 

ssw 

1 

Cloudy. 

L 

2 

0 

61,0 

65  0 

29,73 

1 

S by  W 

1 

Fine. 
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METEOROLOGICAL  JOURNAL 


for  May  1780. 


Time. 

Therm. 

without 

Therm. 

within. 

Barom. 

Rain. 

Winds. 

Weather. 

H. 

M. 

Inches. 

inch. 

Points. 

Str. 

May  1 

7 

-O 

53,° 

58,0 

29,76 

0,067 

SSW 

1 

Cloudy. 

2 

0 

65,0 

62,0 

29>79 

sw 

1 

Fine. 

2 

7 

0 

52,0 

56,0 

29,85 

°>243 

N by  W 

1 

Cloudy. 

2 

0 

59,5 

59>° 

30  04 

NW 

1 

Fine. 

;3 

7 

0 

45  5 

51,0 

30,26 

E by  S 

1 

Cloudy. 

2 

c 

57?° 

55,0 

30,26 

SE 

1 

Fine. 

4 

7 

0 

48,0 

52>5 

3°, 18 

WSW 

1 

Cloudy. 

2 

0 

64,0 

56,5 

30,16 

SW 

1 

Fine. 

■-5 

? 

0 

53>° 

55,0 

29,92 

SW 

1 

Cloudy. 

2 

0 

59.5 

58.0 

29,88 

SW 

1 

Cloudy. 

6 

7 

0 

52,5 

55,0 

29,88 

WSW 

2 

Fine. 

2 

0 

60,0 

58,5 ? 

29,90 

W by  N 

2 

Cloudy. 

7 

7 

0 

53.o 

55,0 

29.94 

W by  S 

I 

Cloudy. 

2 

0 

63, 5 

59,5 

29,94 

SW 

I 

Fair. 

8 

7 

0 

52,0 

57.o 

29.72 

0,032 

SW 

I 

Rainy. 

2 

0 

55.o 

57,5 

29.58 

- 

S by  W 

2 

Rainy. 

9 

/ 

7 

0 

540 

55,° 

29,67 

0,091 

SW 

I 

Fine. 

2 

0 

57,o 

58,5 

29.64 

SW 

2 

Rainy. 

i° 

7 

0 

53.o 

54,5 

29,38 

0,200 

SW 

2 

Fine. 

2 

0 

59.° 

58,5  . 

29,51 

sw 

0 

Cloudy. 

1 1 

7 

0 

53  0 

57-5 

29.72 

sw 

2 

Fine. 

2 

0 

58,0 

59,o 

29.88 

sw 

2 

Rainy. 

12 

7 

0 

50,0 

57,o 

29,98 

SSW 

I 

Fine. 

2 

0 

64,0 

60,0 

29,98 

sw 

I 

Fine. 

13 

7 

0 

53.° 

55,° 

29,75 

0,104 

sw 

I 

Fair. 

2 

0 

63,0 

60,5 

29  73 

sw 

2 

Fine. 

M 

7 

0 

5*.5 

57,o 

29,78 

W by  S 

I 

Fine. 

2 

0 

57,o 

58,5 

29,71 

SbW 

I 

Fine. 

15 

7 

0 

5o,o 

55,o 

29,82 

0,015 

NW 

2 

Fine. 

2 

0 

33,° 

685 

29,94 

NW 

I 

Fine. 

16 

7 

0 

54,5 

56,5 

3°>12 

NW 

I 

Fine. 

2 

0 

1 66,0 

6l,0 

30,18 

SW 

1 

Fine. 

2 
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, for  May  1 780. 


Time. 

Therm 

without 

Therm 

within. 

j Barom. 

Rain. 

Winds. 

Weather. 

H. 

M. 

t nches. 

Inch. 

Points 

Str. 

Vlay  1 7 

7 

c 

53-5 

61,0 

30,J4 

sw 

1 

Fair. 

2 

0 

68, o 

63,5 

30,15 

sw 

1 

Fine. 

18 

7 

0 

54,5 

60,0 

NW 

1 

Fine. 

2 

0 

.67,0 

62,5 

3°,  i7 

NW 

1 

Fine. 

*9 

7 

0 

57,5 

61,5 

29,92 

SW 

X 

Cloudy. 

2 

0 

66, o 

62,0 

29,90 

sw 

1 

Fair. 

20 

7 

0 

46,5 

61,0 

30,25 

NW 

1 

Fair, 

2 

0 

61,0 

58,5 

30,26 

NW 

1 

Fine. 

21 

7 

0 

57,o 

53,5 

29,49 

SE 

1 

Fair. 

2 

0 

67,0 

61,0 

30,01 

SW 

1 

Fine. 

22 

7 

0 

56,0 

58,0 

29,61 

0,027 

ssw 

1 

Rainy. 

2 

0 

65,° 

6 i,o 

29,60 

sw 

1 

Fair. 

23 

7 

0 

S5;5 

53,5 

29,67 

sw 

2 

Cloudy. 

2 

0 

63  ° 

65,° 

29,72 

Sw 

2 

Fine. 

24 

7 

0 

53.° 

5»,5 

29,7-3 

0,01 1 

NW 

1 

Fair. 

2 

0 

63  5 

60,5 

30,23 

SE 

1 

fair. 

25 

7 

0 

57,o 

59,5 

30,21 

SW 

1 

Cloudy. 

2 

0 

66,5 

6i,5 

30,22 

SW 

1 

Fine. 

26 

7 

0 

.53,0 

61,5 

30,24 

0,0 1 8 

sw 

1 

Rainy. 

2 

0 

7°,° 

65,° 

30,14 

sw 

1 

Fine. 

27 

7 

0 

60,  s 

64,0 

30,28 

sw 

1 

Fine. 

2 

0 

7 :>5 

70,0 

3°, 2 2 

sw 

1 

Fine. 

28 

7 

0 

68,o 

66,5 

3°,  2 7 

ssw 

1 

Fine. 

2 

p 

73,5 

72-5 

30,18 

sw 

1 

Fine. 

29 

7 

0 

68,0 

71,0 

30,06 

SE 

1 

Fine. 

2 

0 

84,5 

74,5 

30,00 

SSW 

1 

Fine. 

3° 

7 

0 

65,° 

67,0 

29,98 

S w 

1 

Fair. 

2 

0 

7L5 

71,0 

30,01 

NW 

2 

Fine. 

3i 

7 

0 

56>° 

59,o 

3°, 06 

0,024 

NE 

1 

Fair. 

2 

0 

66  0 

66,0 

30,14 

NE 

1 

Fine. 

E e 
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meteorological  journal 


for  June  1 780. 


Time. 

Therm. 

without 

Therm. 

within. 

Barom. 

Rain. 

Winds. 

Weather. 

H.  M. 

inches. 

Inch. 

Points. 

Str. 

june  1 

7 

0 

60,0 

6.1,0 

3°>P5 

E by  N 

1 

Fine. 

2 

0 

7°>5 

65,0 

29,98 

ENE 

2 

Fine. 

2 

7 

0 

66,5 

67,0 

29.93 

SW 

1 

Fine. 

2 

0 

85,° 

73;5 

29.93 

sw 

1 

Fine. 

n 

3 

7 

0 

65,0 

68,o 

29,88 

NE 

1 

Cloudy. 

2 

0 

71,0 

72,0 

?9>.95 

NE 

1 

Fine. 

4 

7 

c 

59>° 

66,0 

3°.°  7 

NE 

1 

Fine. 

2 

0 

64,0 

66,0 

30>°7 

NE 

1 

Fair. 

5 

7 

0 

48>5 

57.° 

29>99 

0,023 

NE 

1 

Cloudy. 

' 

2 

0 

55,5 

5,9>° 

29)99 

NW 

2 

Cloudy. 

6 

7 

0 

49>° 

55.o 

29)99 

0,010 

NE 

2 

Cloudy. 

2* 

0 

61,0 

58,0 

29.99 

NE 

2 

Cloudy. 

7 

7 

0 

52,0 

53,° 

3°,°i 

NE 

1 

Fair. 

2 

0 

60,0 

58,0 

30,02 

NE 

1 

Fair. 

8 

7 

0 

48,0 

5°,° 

29.99 

NW 

1 

Fine. 

2 

0 

59>° 

57, o 

30,09 

NW 

1 

Fine. 

9 

7 

0 

60,0 

56,5 

29,94 

NW 

1 

Fine. 

2 

0 

62,5 

60,0 

29,94 

, 

NW 

1 

Cloudy. 

10 

7 

0 

61,0 

59>° 

29,80 

0,018 

SW 

1 

Fine. 

2 

0 

66,0 

63,0 

29,83 

sw 

1 

Fair. 

11 

7 

0 

62,0 

62,5 

29,94 

NW 

1 

Fine. 

k 

2 

0 

7°5° 

65,0 

29,90 

W byN 

1 

Fine. 

12 

7 

0 

59>° 

63,5 

3°,°4 

ENE 

1 

Cloudy. 

2 

0 

65,0 

65,0 

30,09 

NE 

1 

Cloudy. 

*3 

7 

0 

59>°” 

62,0 

3°, °3 

SW 

1 

Fine. 

■ 

2 

0 

72,0 

&9)5 

29,98 

sw 

1 

Fine. 

14 

7 

0 

55.5 

61,5 

29,81 

• sw 

2 

Fine. 

2 

0 

66,0 

64,0 

29,83 

sw 

2 

Fine. 

*5 

7 

0 

55.5 

60,5 

29,85 

0,017 

NW 

1 

Fine. 

i 

2 

0 

63,0 

64,0 

29,92 

NW 

2 

Cloudy. 

16 

7 

0 

56,0 

59>° 

30,01 

0,020 

WSW 

1 

Fair. 

2 

0 

63,0 

62,0 

30,04 

sw 

1 

Fair. 
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Time. 

Therm. 

without 

Therm. 

within. 

Barom. 

Rain. 

Winds 

Weather. 

H. 

M. 

Inches. 

Inch. 

Points. 

|Str. 

June i 7 

7 

0 

53,5 

60,5 

29,91 

0,030 

SW 

1 

Fair. 

2 

0 

67,0 

6S)° 

29>9J 

sw 

1 

Fair. 

18 

7 

0 

56>5 

58,5 

29,81 

0,240 

SW 

1 

Rainy. 

2 

0 

65.5 

64,0 

29,81 

sw 

1 

Rainy. 

19 

7 

0 

60,0 

62,5 

29>79 

0,152 

ssw 

1 

CJoudv. 

2 

0 

72,0 

67,0 

29>79 

sw 

1 

Fair. 

20 

7 

0 

60,0 

6l,0 

29*95 

W bv  s 

1 

Fine.- 

2 

0 

66,0 

69,0 

29*99 

sw 

1 

Fine. 

21 

7 

0 

57.5 

62,0 

30,07 

0,022 

W by  N 

1 

Fine. 

2 

0 

68,0 

64)5 

30*1 1 

SW 

1 

Fine. 

22 

7 

0 

58,5 

62,5 

30, 1 r 

SSW 

1 

Cloudy. 

2 

o 

61,0 

64,0 

3°*°7 

sw 

1 

Rainy. 

23 

7 

0 

56,0 

6l.O 

3°*°4 

0,320 

NW 

1 

Fine. 

2 

0 

?o,o 

66, o 

30, 1 8 

SW 

1 

Fine. 

24 

7 

0 

60,0 

63.5 

3°, 10 

SSW 

1 

Fair. 

2 

0 

67)5 

66,5 

30,07 

SW 

1 

Fair. 

25 

7 

0 

58,0 

65,0 

30,08 

W by  S 

2 

Fair. 

2 

0 

t>7,o 

65,0 

3°,I2 

NW 

2 

Fine, 

26 

7 

0 

57>5 

62,0 

3°*24 

NW 

2 

Fine. 

2 

0 

66,0 

65,0 

3°*3Z 

SW 

1 

Fine. 

27 

7 

0 

56)° 

62,0 

3°>37 

NW 

1 

Fine. 

2 

0 

69,0 

64)5 

3°*37 

SW 

1 

Fines. 

28 

7 

0 

62,0 

64,0 

3°i32 

NW 

i 

Fair. 

2 

0 

74)0 

68,0 

30,28 

NNW 

1 

Fine. 

29 

7 

0 

66,0 

67)5 

3°?25 

5E 

1 

Fine. 

2 

0 

78,0 

70,0 

30*1 9 

E 

1 

Fine. 

3° 

7 

0 

67,0 

66,0 

29*99 

SE 

1 

Fine. 

2 

0 

84.5 

76,0 

29*94 

ESE 

1 

Fine. 

e % 
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METEOROLOGICAL  JOURNAL 


for  July  1780. 


Time. 

Therm. 

without 

Therm. 

within. 

Barom. 

Rain. 

Winds. 

Weather. 

HIM. 

Inches 

Inch. 

Points. 

Str. 

July  1 

7 

c 

6+,s 

10,0 

29  96 

SW 

1 

Kair. 

2 

0 

73>° 

72,5 

29  95 

S by  E 

1 

Fair. 

2 

7 

0 

63>° 

68  0. 

29  89 

°?I43 

SW 

1 

Rainv. 

2 

0 

73  0 

72  O 

29  99 

SW 

1 

Fine. 

3 

7 

0 

61,  s 

68,5 

29>99 

SW 

1 

Fine. 

2 

c 

69,0 

70,0 

3°>°S 

SW 

1 

Cloudy. 

4 

7 

0 

6o,o 

66,5 

3O.O2 

SW 

1 

Fair. 

2 

0 

7°, 5 

685 

30  05 

NW 

1 

Fine, 

5 

7 

c 

61,0 

67  O 

30,18 

SW 

1 

Fine. 

2 

0 

69,0 

66  0 

3°  °9 

SW 

1 

Fine. 

6 

7 

0 

61,5 

64.0 

30  09 

NW 

1 

Fine. 

2 

0 

-1,0 

69,0 

3°,°8 

NW 

1 

Fine. 

7 

7 

0 

58,5 

61,0 

30,06 

NW 

1 

Fine* 

2 

0 

65,0 

64.5 

3°>°4 

NW 

1 

Fine. 

['■  8 

7 

0 

. 60,5 

62  5 

,29>97 

W by  N 

1 

Fine. 

2 

0 

68,5 

65*5 

29  99 

NW 

1 

Fine. 

9 

7 

0 

61,0 

62,0 

30,06 

’ NE 

1 

Fair. 

2 

0 

68,0 

66,0 

30,08 

WNW 

1 

Fine. 

10 

7 

0 

57>° 

64,0 

30.14 

0,017 

NE 

1 

Fine. 

2 

0 

67,° 

66,5 

30,19 

NNE 

1 

Fine. 

1 1 

7 

0 

54)° 

62,0 

30,17 

N by  E 

1 

Fair. 

2 

0 

7°>5 

685 

30,14 

‘ NW 

1 

Fine. 

12 

7 

0 

61,0 

65,0 

29  97 

WSW 

1 

Cloudy. 

2 

c 

74>° 

70,0 

29.94 

NNW 

1 

•Cloudy. 

J3 

7 

0 

60,0 

65.5 

29  98 

0,Ii6 

NNW 

1 

Cloudy. 

2 

0 

68,0 

68,0 

30,07 

NW 

1 

Cloudy., 

H 

7 

O' 

60,0 

62,5 

3°,  1 6 

NW 

1 

Fine, 

2 

0 

7°, 5 

68,5 

30,19 

NW 

I 

Fine. 

15; 

7 

0 

60  5 

66,5 

30,00 

WSW 

1 

Cloudy. 

2 

0 

72,0 

69-5 

29,92 

NW 

1 

Fine. 

jfc 

7 

o1 

66,0 

69>5 

29?99 

NW 

1 

Fine. 

2 

0 

79>5 

72,0 

[29  98 

NW 

1 

Fine. 
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for  July  1780. 


Time. 

Therm 

without 

Therm. 

within 

Baiom. 

Rain. 

Winds. 

Weather. 

H. 

M. 

inches. 

Inch. 

Points. 

Str. 

July  17 

7 

0 

6S,5 

78>0 

29,88 

SE 

1 

Fine. 

2 

0 

82,0 

78,5 

29,87 

SE 

1 

Fine. 

18 

7 

0 

70s0 

7S'° 

29,74 

0,028 

sw 

1 

Fine. 

2 

0 

72,0 

7^,5 

29,83 

sw 

1 

Fair. 

IQ 

7 

0 

62,0 

71,0 

30,00 

wsw 

1 

Fair. 

2 

0 

68,5 

69,0 

30.06 

sw 

1 

Fine. 

20 

7 

0 

5^5 

67,0 

30, 1 3 

i 

wsw 

1 

Fine, 

2 

0 

72,5 

69,5 

30,09 

, 

wsw 

1 

Fine. 

21 

7 

0 

60,0 

67,0 

29,87 

0,038 

sw 

1 

Rainy. 

2 

0 

67, S 

68,5 

29,76 

wsw 

1 

Cloudy. 

22 

7 

0 

61,0 

67,0 

29,59 

0,926 

1 

Rainy. 

2 

0 

66,0 

68,5 

29,66 

S by  W 

i 

Rainy. 

23 

7 

0 

59>5 

66,0 

29-99 

0,310 

NE 

1 

Cloudy. 

2 

0 

66,0 

67,0 

30  01 

NE 

1 

Fair, 

24 

7 

0 

58,5 

65,0 

30,18 

SW 

1 

Fair. 

2 

0 

79>° 

69,5 

3°,'7 

SW 

1 

Fine. 

25 

7 

0 

65,0 

69>5 

3°, 1 6 

0,024 

NNE 

1 

Cloudy. 

2 

0 

80,0 

72,0 

30,19 

NNE 

1 

Fine. 

26 

7 

0 

62,5 

63>5 

30,24 

NW 

1 

Cloudy. 

2 

0 

78,0 

75,° 

30,23 

SW 

1 

Fine. 

27 

7 

0 

64,0 

7o,5 

3°, 1 4 

NW 

1 

Fair. 

2 

0 

71, ° 

71,0 

30,21 

• NW 

i 

Fiue. 

28 

7 

0 

59>° 

60,0 

3°, 34 

ssw 

1 

Fine.. 

2 

0 

7 b5 

68,5 

3P,34 

sw 

1 

Fine. 

29 

7 

0 

60,0 

66,0 

3°> 25 

NE 

1 

Fine. 

2 

0 

71,0 

68,0 

30,i9 

E by  S 

1 

Fine. 

3° 

7 

0 

6i,5 

63,° 

30,11 

NE 

1 

Cloudy. 

2 

0 

75>° 

70,0 

30,!1 

ESE 

1 

Fine. 

31 

7 

0 

60,5 

66,5 

3°,  *9 

ENE 

1 

Cloudy.. 

2 

0 

7°, 5 

68,5 

30,19 

NE 

1 

Fine. 

METE- 
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METEOROLOGICAL  JOURNAL 

for  Auguft  1780. 


1 

Fun 

2# 

Therm. 

without 

Filer  in. 
within. 

JBarom 

Rain. 

W inds 

• 

Weather. 

LI.  M, 

Inches. 

Inch. 

Points. 

Str. 

Aug.  1 

7 

0 

59,° 

65,0 

30,20 

NE 

1 

Cloudy, 

2 

0 

73,0 

74,o 

30^9 

NE 

1 

Fine. 

1 

7 

0 

62,0 

68,0’- 

30?1 1 

SW 

1 

Fair. 

2 

0 

78,0 

7 1 ,° 

30,18 

sw 

I 

Fine. 

3 

7 

0 

61,  s 

68,5 

3°5°9 

NE 

1 

Fine. 

2 

0 

83.° 

7 3>5 

3°>i3 

NE 

I 

Fine. 

4 

7 

0 

68,0 

69,0 

3Q>10 

ENE 

X 

Fine. 

2 

0 

78,0 

73>° 

3°;  J4 

NE 

1 

Fine, 

5 

7 

0 

60,5 

66,5 

3°. 11 

NNE 

1 

Fair. 

2 

0 

74)° 

3°> 1 1 

NW 

1 

Fine. 

6 

7 

0 

60,0 

67,0 

30,07 

NNE 

1 

Cloudy. 

2 

0 

78,5 

73>° 

3°>°7 

N by  W 

. 1 

Fine. 

7 

7 

0 

62,0 

69,0 

30,12 

NE 

1 

Fair. 

2 

0 

80,0 

74, 0 

30,16 

NE 

1 

Fine. 

8 

7 

0 

S9>5 

67,0 

3°>°9 

NE 

1 

Fair. 

2 

0 

7 7 

75'>° 

3°>°7 

NE 

1 

Cloudy. 

9 

7 

0 

62,5 

665o 

30,02 

NE 

1 

Fair. 

2 

0 

82,0 

75>° 

3°>°4 

NE 

1 

fine. 

10 

7 

0 

64.5 

71,0 

30,02 

NE 

1 

Fine. 

*■» 

2 

0 

8 i>S 

76,5 

30,02 

E by  S 

1 

Fine. 

1 1 

7 

0 

66,5 

73)° 

30,02 

ENE 

1 

Fine. 

2 

0 

79>° 

76,0 

29,98 

ENE 

1 

Fine. 

12 

7 

/ 

0 

65.° 

72,0 

29,91 

NE 

1 

Fine. 

2 

0 

79>° 

73>° 

29,89 

S by  E 

1 

Fine. 

53 

7 , 

0 

62,5 

65=0 

29,89 

NE 

1 

Fine. 

2 

0 

76,5 

75>° 

29,93 

NE 

1 

Fine. 

14 

7 

0 

60,0 

62,5 

a9  >93 

NE 

1 

Fair. 

2 

0 

62,0 

69,0 

29,95 

NE 

1 

Rainy. 

7 

0 

61,5 

66,5 

29,88 

0^104 

NE 

1 

Fair, 

2 

0 

68,o 

69,0 

>29, 92 

NE 

1 

Fair. 

16 

7 

0 

65>° 

68,0 

29,91 

NE 

1 

Fair. 

2 

0 

75>° 

72,0 

3°>°3 

NE 

1 

Cloudy. 

M ETE- 
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METEORO LOGIC  A L J O U R N A L 
for  Auguft  1780. 


lime. 

Therm. 

without 

Therm. 

within. 

Barony. 

W inds 

Weather. 

H. 

M. 

Inches. 

Points. 

Str. 

Aug.  1 7 

7 

0 

65>5 

67.5 

30,02 

SE 

1 

Fair. 

2 

0 

75?° 

72,0 

30,00 

NE 

1 

Fair. 

18 

7 

0 

60,5 

68.0 

29,86 

p 

OA 

CO 

ENE 

1 

Rainy. 

2 

0 

7 I5° 

71)0 

29,85 

ENE 

1 

Rainy. 

*9 

7 

0 

64,0 

66,5 

29,92 

NNE, 

1 

Cloudy. 

2 

0 

74.0 

72>5 

29799 

NE 

1 

Fine. 

20 

7 

0 

63,5 

66,0 

3°, 12 

' 

ESE 

1 

Fine, 

2 

c 

74>S 

7I?5 

3°>!3 

SSE 

1 

Fine. 

21 

7 

0 

' 67,0 

68,0 

3°,°9 

S by  E 

1 

Fine. 

2 

0 

76,0 

75>° 

30,09 

SE 

1 

Fine. 

22 

7 

0 

64>5 

68  5 

29,99 

wsw 

1 

Fair. 

2 

0 

7°,° 

69,0 

3°)°3 

sw 

1 

Fine. 

23 

7 

0 

59>o 

67,0 

30,07 

NW 

1 

Fair. 

2 

0 

72,0 

7°)° 

30,H 

SW 

1 

Fine. 

24 

7 

Q 

58,5 

63,0 

30,18 

ENE 

1 

F air. 

2 

0 

74)0 

72)5 

30,19 

NW 

1 

Fine. 

25 

7 

0 

59)5 

62,0 

3°,  *3 

NNE 

1 

Fine. 

2 

0 

75>o 

73)0 

30,15 

NW 

1 

Fine. 

26 

7 

0 

60,5 

64,0 

30,16 

NE 

1 

Fine. 

2 

0 

7&>5 

75)° 

30,16 

ENE 

1 

Fine. 

27 

7 

0 

61,0 

63)° 

S0,^ 

E by  N 

1 

Fine. 

2 

0 

73)5 

69>5 

30,08 

E by  N 

1 

Fine. 

28 

7 

0 

6 o,o 

65)0 

30,10 

NE 

1 

Fair.. 

2 

0 

68,5 

68,0 

30,11 

NE 

1 

Fine. 

29 

7 

0 

61,0 

65)5 

NE 

1 

Fair., 

2 

0 

72,0 

71,0 

SO)^ 

NE 

1 

Fine. 

30 

7 

0 

61,0 

67,0 

30,10 

NE 

1 

Cloudy, . 

2 

0 

76,5 

74,o 

3°,°9 

NE 

1 

Fine, 

3i 

7 

0 

69,0 

69,5 

30,05 

SSW- 

1 

Fine. 

2 

0 

1 83,5 

76)5 

3°, °5 

S by  W 

1 

Fine. 

MET  E- 
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METEOROLOGICAL  JOURNAL 
for  September  1780. 


1 


IT  me. 

Therm. 

without 

i herm. 
within. 

Barom. 

Rain. 

Winds. 

Weather. 

H. 

M. 

i nclies. 

• rich. 

Points. 

IStr. 

Sept.  1 

7 

0 

67. s 

73.5 

3°,01 

ssw 

J 1 

Fine. 

2 

0 

84,0 

79?° 

29,89 

SW 

1 

Fine. 

2 

7 

0 

66,0 

73,° 

29’9S 

W by  S 

( 

Fair. 

2 

0 

11,0 

76,0 

29-94 

SW 

1 

Fine. 

3 

7 

0 

63,° 

71,0 

30,01 

NE 

1 

Fine. 

2 

0 

7°>° 

7 1.0 

3°>°5 

SW 

1 

Fine. 

4 

7 

0 

56,° 

<>3,5 

3°,°i 

NK 

1 

Fair. 

2 

0 

70,0 

68,0 

30>*7 

SW 

1 

Fair. 

5 

7 

0 

53>5 

62,5 

30,2° 

E by  S 

1 

Fine. 

2 

0 

7 x,5 

69,0 

3°,  1 8 

SE 

1 

Fine. 

6 

7 

c 

56,° 

63,0 

3°,°2 

SE 

1 

w'ine. 

2 

o' 

7C5 

69,0 

29.95 

SE 

1 

Fine. 

* 

/ 

7 

0 

SI’S 

62,0 

29.7S 

ESE 

1 

Cloudy. 

0 

0 

76,0 

69,0 

29.73 

SE 

1 

Cloudy. 

8 

7 

0 

65,0 

68,o 

29.S9 

0,250 

s>w 

1 

Fair. 

2 

0 

72.0 

70, s 

29.01 

SE 

1 

Fine. 

9 

7 

0 

58,° 

67.5 

29,74 

S bv  W 

1 

Rainy. 

2 

0 

64,0 

68,0 

29,8l 

SW 

1 

Cloudy. 

10 

7 

0 

54^° 

64-5 

29. s3 

0 560 

NNE 

1 

Cloudy. 

2 

0 

70,0 

67,0 

29,74 

S by  E 

1 

Rainy. 

1 1 

7 

0 

59  0 

65,° 

29,71 

0,327 

SsW 

1 

Rainy. 

2 

0 

67,0 

67,0 

29,82 

SW 

1 

Cloudy  and  rain. 

12 

7 

0 

54>° 

63,0 

29,96 

0,25s 

SW 

1 

Fine. 

2 

0 

67  >5 

66,5 

29,99 

NW 

1 

Fine. 

13 

7 

0 

61,0 

62,0 

3°,°3 

S by  W 

1 

Fine. 

2 

0 

69,0 

65.5 

,29,99 

SSW 

1 

Fair. 

M 

7 

0 

5 7 ?° 

64,0 

29,85 

0,167 

SE 

1 

Raiijy. 

2 

’ 

0 

66,0 

66,5 , 

29,86 

- 

S by  E 

1 

Cloudy. 

15 

7 

0 

57>° 

63;5 

29,92 

S by  E 

1 

Fine. 

2 

o‘ 

62,6 

73»5 

29,98 

SE 

1 

Fine. 

16 

7 

0 

62,5 

65.0 

29,76 

SE 

1 

Showery. 

_ 

2 

0 

59,°  I 

67>5  1 

29,76 

SE  i 

1 1 

showery. 

METB- 
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METEOROLOGICAL  JOURNAL 


for  September  1780, 


Time. 

Therm. 

without 

Therm. 

within. 

Barom. 

Rain. 

W inds 

Weather, 

H.  M. 

Inches. 

Points. 

Str. 

Sept.  1 7 

7 

0 

60,5 

65,0 

29>49 

0,225 

SE 

I 

Rainy. 

2 

0 

68,0 

67,0 

29,49 

SE 

2 

Fine, 

18 

7 

G 

58  0 

63,5 

29?49 

0,572 

SSW 

I 

Fair. 

2 

C 

68,0 

67,0 

29,53 

sw 

I 

Fine. 

*9 

7 

O 

53>° 

60,0 

29,64 

SSE 

I 

Fine. 

2 

c 

65,0 

65,0 

29,68 

SE 

I 

Fine. 

20 

7 

0 

52,5 

60,5 

29,67 

SE 

I 

Fine. 

2 

0 

64,0 

62,5 

29,66 

NW 

I 

Fine. 

21 

7 

0 

49.5 

59,5 

29,81 

S by  W 

I 

Fine. 

2 

0 

65,0 

62,0 

29,88 

sw 

I 

Fine. 

22 

7 

. 0 

48,0 

56,0 

30,02 

SSW 

I 

Fine. 

2 

0 

65,° 

65,0 

30?1 1 

sw 

I 

Fine. 

\ 

23 

7 

0 

49,5 

57,0 

3°>°9 

ENE 

I 

Fine. 

2 

0 

66,0 

66,0 

3°;°5 

NE 

I 

Fine. 

24 

7 

0 

59,o 

59,5 

29,84 

NW 

I 

Fair. 

2 

0 

66,5 

65,0 

29,99 

NW 

I 

Showery. 

25 

7 

0 

54,o 

58,0 

3°, °4 

0,113 

SSW 

I 

Fine. 

2 

0 

66,5 

67,0 

3°>°4 

WSW 

I 

Cloudy.  ; 

26 

7 

c 

59,o 

61,0 

29,97 

sw 

I 

Fair. 

2 

0 

67,0 

64,0 

29,92 

sw 

I 

Fair. 

27 

7 

0 

51,0 

59,0 

29,90 

0,079 

wsw 

I 

Fine. 

2 

0 

66,0 

63,5 

29,94 

sw 

I 

F air. 

28 

7 

0 

56,0 

60,0 

29,75 

sw 

I 

Cloudy. 

2 

0 

64,0 

64,5 

29,76 

sw 

I 

Showery  and  cloudy. 

29 

7 

0 

53,5 

61,5 

29,54 

0,320 

SSE 

I 

Rainy. 

n 

0 

62,0 

63,° 

29,64 

SE  . 

I 

r-'  * 

t air. 

30 

7 

0 

5°>5 

57,0 

29,34 

0,032 

SSW 

I 

Rainy. 

2 

0 

52>° 

57,0 

29,14 

SW 

2 

Rainy. 

F f METS- 
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METEOROLOGICAL  JOURNAL 
far  October  1780. 


Time. 

Therm. 

without 

Therm. 

within. 

Barom. 

Rain. 

Winds. 

Weather. 

H.M. 

Inches. 

Inch. 

Points 

Str. 

0&.  I 

7 

0 

45’° 

52,5 

29,19 

0,076 

ssw 

1 

Rainy. 

2 

0 

5y,5 

55,5 

29,09 

ssw 

1 

Rainy. 

2 

7 

0 

53>° 

55, 0 

29,07 

0,106 

sw 

1 

Fair. 

2 

0 

57,o 

56>5 

29,44 

sw 

2 

Fine. 

3 

7 

0 

52 ,5 

54,o 

29,57 

wsw 

1 

Fine. 

2 

0 

5&>5 

55,5 

29,64 

NW 

1 

Fine. 

4 

7 

0 

42,0 

5r,5 

29,79 

0,050 

NNE 

1 

Fair. 

2 

0 

54,o 

59,5 

29,87 

NW 

1 

Fair. 

5 

7 

0 

4 1, ,5 

50,5 

3°,  1 6 

NW 

1 

Fine. 

2 

0 

54*0 

52,5 

3°>l8 

wsw 

1 

Fair. 

6 

7 

0 

45,5 

49,0 

30,04 

S bv  E 

J 

1 

Cloudy. 

2 

0 

57,o 

53,5 

29,90 

S by  W 

1 

Cloudy. 

7 

7 

0 

52,0 

53,0 

29.63 

ssw 

1 

Fair. 

2 

0 

58,5 

55,5 

29.50 

sw 

1 

Fine. 

8 

7 

0 

43)5 

52,0 

29,62 

ssw 

1 

Fair. 

2- 

0 

57^5 

54,5 

29,44 

SE 

1 

Fine. 

9 

7 

0 

5.^,5 

55,o 

28,66 

o,59° 

ssw 

3 

Rainy. 

2 

0 

57,0 

56>5 

,28,82 

ssw 

3 

Showery. 

10 

7 

0 

5i,5 

5°, 0 

28,68 

sw 

1 

Fair. 

2 

0 

58,0 

55> 0 

28,99 

sw 

2 

Cloudy. 

1 1 

7 

0 

45,5 

53,5 

29.51 

0,020 

sw 

2 

Fair. 

2 

0 

58,0 

56>° 

29,61 

sw 

2 

Fair. 

12 

7 

0 

43,5 

53, 0 

29,68 

0,025 

sw 

1 

Fair. 

2 

0 

55,o 

54=o 

29,81 

W by  N 

1 

Fine. 

13 

7 

0 

48,5 

5L5 

3°.°4 

SSE 

1 

Cloudy. 

2 

0 

60,0 

t>5,° 

30,02 

SE 

2 

Fair. 

H 

7 

G 

52,0 

53,5 

29.75 

SE 

1 

Cloudy. 

2 

O 

65,° 

S9,o 

29,61 

SE 

1 

Fine. 

15 

7 

O 

58>5 

59,o 

29,69 

SSE 

1 

Cloudy. 

2 

O 

66,o 

C2,0 

29,69 

SE 

1 

Cloudy. 

16 

7 

O 

53?5 

56,5 

29,72 

°,53° 

SSW 

1 

Rainy. 

2 

O 

62,0 

61,0 

29,71 

wsw 

1 

Cloudy. 

4 
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METEOROLOGICAL  JOURNAL 

for  O&ober  1780. 


Time. 

Therm. 

without 

Therm. 

within, 

Barom. 

Rain. 

Winds. 

Weather. 

H. 

M. 

Inches, 

Inch. 

Points. 

Str. 

0(51.  17 

7 

0 

55>o 

58>° 

29,87 

ssw  . 

1 

Fine. 

2 

0 

65*° 

63-5 

29,91 

ssw 

i 

Fine. 

18 

7 

0 

49?5 

ss>° 

30,02 

NNE 

1 

Cloudy* 

2 

0 

62,0 

60,0 

3°»°7 

NNE 

1 

Fine. 

l9 

7 

0 

53>° 

595° 

29>79 

SW 

2 

Fine. 

2 

0 

56,0 

59,° 

29,5s 

sw 

2 

Rainy. 

20 

7 

0 

46,5 

56,° 

29,48 

0,071 

wsw 

I 

Fine. 

2 

0 

52,0 

5^,0 

29,44 

sw 

I 

Cloudy, 

21 

7 

0 

47,° 

50,5 

29,48 

NW 

2 

Fine. 

2 

0 

55>° 

53,0 

29,63 

WNW 

I 

Fine. 

22 

7 

0 

46,0 

50,5 

29,73 

* 

SW 

I 

Cloudy. 

2 

0 

54)5 

52,5 

29,67 

sw 

I 

Cloudy  and  rainy. 

23 

7 

0 

4i,5 

49,0 

29,86 

o,o68 

sw 

I 

Fine. 

2 

0 

53>° 

52,0 

2.9,88 

sw 

2 

Cloudy, 

24 

7 

0 

5o,o 

5i,5 

29,66 

SE 

I 

Cloudy. 

2 

0 

59)° 

61,0 

29,70 

SE 

I 

Fair. 

25 

7 

0 

43.5 

51,0 

29,73 

NE 

I 

Fine. 

2 

0 

5i,5 

52,0 

29,77 

NW  . 

I 

Fine, 

26 

7 

0 

37)0 

48,0 

30,07 

SSW 

I 

Fine. 

2 

0 

52,0 

50,0 

3°, 1 4 

NNE 

I 

Fine. 

27 

7 

0 

45)0 

46,0 

30,27 

NE 

I 

Cloudy. 

2 

0 

50,0 

48,0 

30,29 

NE 

I 

Fair. 

28 

7 

0 

47,o 

48,0 

30,14 

NNE 

I 

Cloudy. 

2 

0 

55,0 

5i,5 

30,07 

NE 

I 

Cloudy, 

29 

7 

0 

47,5 

51,0 

29,85 

NW 

I 

Rainy. 

2 

0 

49,5 

5i,5 

29,82 

NW 

I 

Rainy. 

30 

7 

0 

49,5 

5r>5 

29,71 

°j43S 

NNW 

I 

Rainy. 

2 

0 

5°,° 

52,0 

29,82 

NNW 

I 

Rainy, 

31 

7 

0 

49,5 

52,0 

29,88 

°>375 

SW 

I 

Rainy. 

2 

0 

5o,S 

52,5 

29,89 

NE 

I 

Rainy. 

2 F % 
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METEOROLOGICAL  JOURNAL 

for  November  1780. 


lime. 

Therm. 

without 

Therm. 

within. 

Barom. 

Rain. 

Winds 

• 

Weather. 

H.M. 

Inches. 

Inch. 

Points.  ! 

5tr. 

Sow  1 

8 

0 

47>5 

49j5 

29>94 

0,1 18 

NNE 

1 

Cloudy. 

2 

0 

50,0 

51’0 

30,02 

NE 

2 

Rainy. 

2 

8 

0 

46,0 

48,5 

30,08 

NNE 

I 

Cloudy. 

, 

2 

0 

5°>o 

5L° 

30,08 

NE 

1 

Fine. 

3 

8 

0 

46,0 

43,5 

29^97 

NE 

I 

Cloudy. 

2 

0 

5°?° 

53  0 

29,94 

N£ 

I 

Fair. 

4 

8 

0 

40,0 

46,0 

29  97 

NW 

I 

Fine. 

2 

0 

46,0 

47>o 

30,08 

NW 

2 

Fine. 

5 

8 

0 

47,0 

47  >° 

29>83 

0,039 

sw 

I 

Fine. 

2 

0 

SI.S 

49  >° 

29,72 

NW 

2 

Fine. 

6 

8 

0 

40,0 

45>° 

29,86 

NW 

2 

Fine. 

2 

0 

44,0 

45>° 

29,87 

NW 

2 

Fine. 

7 

8 

0 

35>° 

37)5 

29  72 

0.039 

NNE 

2 

Fine. 

2 

0 

3&>° 

38,0 

29,82 

NE 

3 

Snowy. 

8 

; 8 

0 

36>° 

37)5 

29>9X 

0,081 

NNE 

2 

Fine. 

2 

0 

42,0 

40,0 

29.94 

NE 

1 

Fine. 

9 

8 

0 

33’° 

37)5 

30,09 

SW 

1 

Cloudy. 

2 

0 

41,0- 

40,0 

30,05 

ssw 

1 

Cloudy. 

10 

8 

0 

48>5 

44>° 

30,07 

°;075 

NE 

1 

Cloudy. 

2 

0 

S2>° 

47>° 

30? 1 1 

NE 

1 

F air. 

1 1 

8 

0 

46,5 

45  >° 

3°7xi 

NE 

1 

Cloudy. 

2 

0 

52>° 

48,0 

30>i7 

NNE 

1 

Cloudy. 

12 

8 

0 

47)° 

49>° 

30, °9 

wsw 

1 

Fine. 

2 

0 

51)0 

49>5 

30,12 

wsw 

1 

Cloudy. 

x3 

8 

0. 

5 1 ?5 

5°)° 

29  >73 

sw 

3 

Cloudy. 

2* 

0 

52>° 

51,0 

29,64 

sw 

3 

Cloudy. 

14 

. 8 

0 

39>5 

47)0 

29,82 

wsw 

1 

Fair. 

2 

0 

47)° 

47>5 

29,84 

wsw 

1 

Fine. 

x5 

8 

0 

3o,o 

41,0 

29.97 

0,095 

; NW 

1 

Fine. 

2 

0 

36  0 

41  >0 

30,02 

NW 

1 

Fine. 

16 

■ 8 

c 

' 26,0 

36,0 

29.93 

SE 

1 

Foggy. 

2 

c 

- 28,5 

38>o 

3°  16 

, 

SE 

1 

Foggy. 

% 
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METEOROLOGICAL  JOURNAL 

for  November  1780. 


Time. 

Therm. 

without 

Therm. 

within. 

Barom. 

Rain, 

Weather. 

H* 

M. 

Inches. 

Inch. 

Points. 

■Str. 

Nov.  1 7 

8 

c 

3 6?  5 

38,5 

29.73 

SE 

1 

Foggy. 

2 

0 

40,0 

4L° 

29.63 

SE 

1 

Rainy. 

18 

8 

0 

4L° 

40,0 

29^,60 

0,030 

SE 

1 

Cloudy. 

2 

0 

45>° 

42,0 

29.53 

SSE 

1 

Fair. 

19 

8 

0 

41 ,0 

42,5- 

29,27 

0,039 

NW 

1 

Fair. 

2 

0 

43>5 

44,o 

29,32 

NW 

1 

Fine. 

20 

8 

0 

43  0 

43?5 

28,94 

0,616 

W by  S 

1 

Cloudy. 

2 

0 

46,0 

49  ?° 

29,02 

sw 

1 

Fair. 

21 

8 

0 

3.6.5 

4L5 

29, H 

1,074 

NW 

1 

Fair. 

2 

0 

4*>5 

43,o 

29, 31 

NW 

1 

Cloudy. 

22 

8 

0 

36.° 

41,0 

29^4 

0,025 

SW 

1 

Cloudy. 

2 

0 

37, o 

40,5 

29,08 

WNW 

1 

Fine. 

23 

8 

0 

32.0 

37,o 

29*39 

NW 

1 

Fine. 

2 

0 

37.0 

38.0 

29,42 

NW 

1 

Fair. 

24 

8 

0 

3'.° 

39'° 

29,64 

SW 

1 

Foggy. 

2 

0 

36>o 

38,0 

29>5o 

sw 

1 

Rainy. 

25 

8 

0 

36>o 

39.0 

29,89 

0,236 

NW 

1 

Cloudy. 

2 

0 

38,0 

40,5 

29,98 

wsw 

1 

Cloudy.. 

26 

8 

0 

42,0 

39.5 

30,10 

WSW 

1 

Cloudy. 

2 

0 

48,0 

42,0 

30,14 

NW 

1 

Cloudy. 

27 

8 

0 

44,0 

45.o 

30,27 

0,038 

NW 

1 

Cloudy. 

2 

0 

47.o 

45,o 

30,2:8 

NNW 

1 

Cloudy. 

28 

8 

0 

42,0 

44.5 

30*46 

ENE 

1 

Cloudy. 

2 

0 

45.5 

46,0 

30*47 

NE 

1 

Fine* 

29 

8 

0 

37.o 

42,0 

3°*45 

NNE 

1 

Fine. 

2 

0 

40,0 

43.0 

30*40 

NNE 

1 

Fine. 

3° 

8 

0 

37.5 

42,5 

30, 32 

NNE 

1 

.Fine. 

2 

0 

4°.  5 

42,0 

3°*32 

NNE 

1 

Fine. 

M E T E* 


[ 222  ] 


METEOROLOGICAL  JOURNAL 

for  December  1780* 


T.me. 

I'he«  m. 
without 

i'henn.iTSa'rom 

within. 

Kain. 

Winds. 

W eather. 

H.M. 

Inches. 

Inch. 

Points. 

Str. 

Bee*  1 

8 

0 

38>5 

4°?5 

30,13 

NE 

1 

Fair. 

2 

0 

43>5 

4i,5 

30, 3 1 

NE 

1 

Fair. 

2 

8 

0 

42,0 

445 

3°>34 

NE 

1 

Cloudy-. 

2 

0 

44>° 

46,0 

3°.  36 

NE 

1 

Cloudy. 

3 

8 

0 

38>° 

40,0 

3°>47  ' 

NE 

2 

Cloudy. 

2 

0 

4L5 

43>° 

3°, 49 

NE 

2 

Cloudy. 

4 

8 

0 

4°, 5 

4h5 

30,51  ! 

NE 

I 

Fine. 

2 

0 

45.° 

44.0 

3°,  49 

NE 

I 

Cloudy. 

5 

8 

0 

39>S 

42,0 

30,45 

NE 

2 

Cloudy. 

2 

0 

43,5 

44.0 

30,40 

NE 

1 

Cloudy. 

6 

8 

© 

38,o 

4), 5 

30,35 

NE 

I 

Cloudy. 

2 

0 

39.o 

42.5 

3°,  33 

NE 

I 

Cloudy. 

7 

8 

0 

33>o 

39.S 

30,29 

NE 

1 

Cloudy. 

2 

0 

33.5 

36,0 

30,28 

NE 

I 

Cloudy. 

8 

8 

0 

36.0 

39.0 

3°,29 

< 

NE 

I 

Fine. 

2 

0 

40,0 

4°.° 

30,3! 

NE 

I 

Fair. 

9 

8 

0 

45.° 

48,0 

3°,  53 

NE 

I 

Fair. 

2 

0 

40,0 

4O.0 

30,53 

NE 

I 

Fair. 

10 

8 

0 

33.5 

37.o 

30,45 

WSW 

I 

Fair. 

2 

0 

38>° 

36.0 

30,44 

sw 

I 

Cloudy. 

1 1 

8 

0 

38>5 

40,0 

30>36 

NW 

I 

Fine. 

2 

• 0 

45.° 

42,0 

30,34 

NW 

I 

Fair. 

12 

8 

0 

41,0 

4L5 

30,45 

SW 

I 

Foggy, 

2 

0 

45-5 

43.o 

30,41 

S by  E 

I 

Foggy. 

13 

8 

0 

40,5 

43,5 

30,44 

NW 

I 

Foggy, 

2 

0 

44,o 

44.o 

30,39 

WNW 

I 

Cloudy. 

H 

8 

0 

40,0 

42,0 

30436 

SW 

I 

F°ggy» 

2 

0 

45.o 

45.0 

30,46 

sw 

I 

Fair. 

*5 

8 

0 

41.0 

44,o 

30,44 

NW 

I 

Fine. 

2 

0 

45.° 

45,o 

30,46 

NW 

I 

Fair. 

16 

8 

0 

40,0 

44.5 

30,55 

NNE 

I 

Foggy. 

0 

43.5 

45.0 

30,55 

SE 

I 

Cloudy. 

METE' 
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for  December  1780* 


Time. 

Therm 

without 

Therm. 

within. 

Barorm 

Rai  n . 

Winds. 

Weather. 

H.M. 

Inches. 

Inch. 

Points 

Str. 

Dec.  1 7 

8 

0 

40,0 

44,o 

30,5! 

SW 

I 

Foggy. 

2 

0 

43?  5 

44?° 

30,48 

NW 

I 

Fine. 

18 

8 

0 

34?  5 

4LO 

30,46 

NE 

I 

F Oggy. 

2 

0 

4°>° 

4L5 

30,46 

ENE 

I 

Fine. 

*9 

8 

0 

30?  5 

38>° 

3°>49 

ENE 

I 

Fine. 

2 

0 

34?  5 

36,o 

3°?4° 

NE 

I 

Fine. 

20 

8 

0 

3°,° 

34,5 

30,08 

NE 

1 

Foggy. 

2 

0 

32,0 

39,o 

29,99 

NE 

1 

Foggy. 

21 

8 

0 

28,0 

33,o 

29,69 

S by  E 

I 

S' oggy. 

2 

0 

29,0 

34?5 

29,69 

S by  E 

I 

Foggy. 

22 

8 

0 

33>° 

34?° 

29,85 

WbW 

I 

Foggy. 

2 

0 

36>5 

35?o 

29,89 

NW 

I 

Fine. 

23 

8 

0 

24,0 

32>° 

30,05 

ssw 

I 

Foggy. 

2 

0 

32>5 

34?° 

30,06 

NW 

I 

Fine. 

24 

8 

0 

34,o 

34?  5 

3°>!5 

NNE 

I 

Foggy. 

2 

0 

37,o 

35?5 

3°, 1 5 

N by  E 

I 

Fair. 

25 

8 

0 

37,o 

37,5 

30,21 

NNE 

I 

Fair. 

2 

0 

38,5 

37,5 

30,23 

NNE 

I 

Fair. 

26 

8 

0 

32,S 

34?  5 

30,26 

ENE 

I 

Fair. 

2 

0 

36>° 

36,5 

30,26 

N by  E 

I 

Fair. 

27 

8 

0 

29,5 

32,5 

30,26 

NE 

I 

Frofty. 

2 

0 

32,0 

34,5 

30,29 

NE 

1 

Frofty. 

28 

8 

0 

32,5 

33,5 

30,35 

0,100 

SSW 

I 

Foggy. 

2 

0 

37,o 

36>5 

30,34 

SW 

I 

Cloudy. 

29 

8 

0 

40,5 

37,o 

3°,  *3 

0,210 

SW 

I 

Cloudy. 

2 

0 

4S,° 

39,o 

3°,°3 

WSW 

I 

Fair. 

3° 

8 

0 

45,° 

41,0 

3°,01 

wsw 

I 

Cloudy. 

2 

0 

5°,° 

44,o 

3°,°7 

SW 

I 

Cloudy. 

8 

0 

43-S 

44,o 

3°,c6 

SSW 

I 

Cloudy. 

2 

of 

5°,° 

46,5 

30,07 

WSW 

I 

F air. 

1780 
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Thermometer  without. 

Thermometer  ’ 

within. 

Barometer. 

Rain. 

1780 

G reate ft 

Lea  ft; 

Mean 

Greateft 

Lea  ft 

Mean 

Greateft 

Leaft 

Mean 

Height. 

Height. 

Height. 

Height. 

Height. 

Height. 

Heigh.. 

Height. 

Height. 

Inches, 

|an. 

47>° 

4 

P 

3L9 

40,5 

J4,5 

0 n 

3 °‘3S 

28  59 

29,77 

0,692 

Feb. 

53>5 

4 

5° 

37>S 

49,0 

3L° 

38,4 

3°?52 

• 29,08 

29,91 

0,858 

Mar. 

59.° 

34,5 

544 

56,5 

35>° 

49,9 

3°?45 

29,38 

29,91 

1,189 

Apr. 

6s>5 

j 

33j>°  € 

46,7 

.65,0 

38,0 

48,0 

3°H7 

28,81 

29,65 

2,739 

May 

34.5 

45 

}o  > 

59,7  : 

74,5 

Sh° 

60,4 

30,28 

29,38 

29,94 

0,822 

June! 

84,5 

48 

,0  c 

. 62*9  j 

7-6,o 

'50,0 

63,2 

3°.37 

295?9 

3°, 01 

0,832 

j»iy  j 

I 

82,0 

54|°  ' 

; 66,4  ] 

78,5 

61  \6 

69,4 

3°>  34 

29.59 

3'o,05 

1 ,602 

Aug. 

83.S 

58^5 

69,2  : 

7&,5 

62,0 

63,3 

3^20 

29.85 

30,05 

0,485 

Sept 

84,0 

48 

30  J 

■6 1»3  | 

79,o 

!56.° 

65,2 

30,20 

29,14 

29,83 

2,903 

03.  I 
! 

66,0 

4i 

is 

-543  j 

(•S,o 

46  i6 

53>9 

30,2^ 

28,66 

29,69 

2,356 

Nov.. 

5^>o 

26, p 

> 

42,0  | 

53,° 

3M 

j 

43, 6 

3°>47 

28,94 

29,85 

2,505 

Dec. 

5°,° 

24?b 

i ' 

48,5  | 

46,52 

} 

82.° 

39,8 

3°>55 

29,69 

30,29 

0,310 

Whole 

* 

j 

i 

« 

year 

i 

-t— 

'.51,7  } 

j 

’ 1 

• . 

i 

; 

4— 

52,8 
1 1 

1 

L 

29,91 

*7>3'3 
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VARIATION  NEEDLE. 


7 h- 

A.  M. 

12  h. 

M. 

2 h. 
PM. 

10  or  uh. 

P.M. 

Daily 

Means. 

0 / 

0 / 

0 / 

0 / 

0 / 

June  5 

22  25 

22  26 

22  21 

22  23 

22  24 

6 

22  21 

22  29 

22  57 

22  44 

22  38 

7 

22  30 

22  49 

22  48 

22  29 

22  39 

B 

22  45 

22  44 

22  45 

22  46 

22  45 

9 

22  31 

22  42 

22  48 

22  40 

22  40 

10 

22  25 

22  48 

22  57 

22  40 

22  42 

f 

1 1 

22  45 

22  49 

22  48 

22  44 

22  46 

12 

22  37 

22  49 

22  46 

22  41 

22  43 

^3 

22  31 

22  53 

22  45 

22  35 

22  41 

14 

22  29 

22  55 

22  50 

22  50 

22  46 

22  25 

2E  40 

22  49 

22  47 

22  40 

l6 

22  45 

22  48 

22  47 

22  49 

22  47 

17 

22  27 

22  32 

22  55 

22  55 

22  42 

l8 

22  39 

22  37 

22  41 

22  48 

22  4* 

Means 

22  32  , 

22  43 

22  47 

22  42  j 

Mean  of  all  220  41 

/ 

• 

« 

Vol.  LXXI.  G g 
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DIPPING  NEEDLE 


7 h. 

A.M  . 

12  h. 
M. 

2 h. 
P.M. 

'lO  or  1 ih. 

P.M. 

Means. 

o /„ 

0 / 

0 # 

0 / 

0 / 

June  5 

72  O 

72  5 

72  0 

72  0 

Weft  mark 

6 

72  5 

72  5 

72  10 

72  10 

72  3 

down. 

7 

72  0 

72  0 

72  10 

7-2 

8 

72  0 

72  0 

72  5 

72  10 

9* 

72  20 

72  20 

72  20 

72  20 

•>:- 

72  21 

Eaft. 

I CL 

72  20 

72  20 

72  30 

72  10 

•;  i . ■ . 

' 2 1 i*  .1  > 

• v i 

II 

72  20 

72  30 

72  25 

72  10 

12 

72  30 

72  30 

72  30 

72  0 

J3 

7*  5 

72  is 

72  10 

72  10 

Eaft  mark 

*4 

72  10 

72  15 

72  20 

72  10 

72  *3 

uppermoft. 

15 

72  20 

72  15 

72  20 

72  20 

16 

72  45 

72  40 

72  4° 

72  20 

; 

x7 

72  40 

72  30 

72  25 

72  30 

1%  32 

Weft. 

18 

72  40 

72  20 

72  30 

72  20 

THE  END  OT  FART  I.  OF  VOL,  LXXt. 
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Page  9.  Q^er  the  table  add,  Grs* 

TJfe  lafl  line  of  the  table  read  0,035* 

22.  col.  2.  1.  iB.  read  18,445.  . u 

30.  the  whole  of  col.  7.  and  8.  Ihouldbe  removed  one  line  lowej 
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r | “'HE  Emotions  of  Gratitude  infpired  by  the  very 
Place  in  which,  by  the  Munificence  of  our 
Royal  Patron,  we  are  now  for  the  firft  Time  affem- 
bled,  render  it  impoffible  for  me  to  negled  the 
Opportunity  which  this  Seafon,  when  ye  have  been 
ufed  to  hear  yourfelves  addreffed  from  the  Chair, 
affords  me,  of  offering  my  fmall  Tribute  of  Acknow- 
ledgement for  a Benefit  fo  eminently  calculated  to 
promote  the  Honour  and  Advancement  of  this 
Society. 

Eftablifhed  originally  by  the  Munificence  of  a 
Royal  Founder ; foflered  and  encouraged  fince  that 
Time  by  every  fucceffive  Monarch  who  has  fwayed 
the  Britifh  Sceptre,  ye  have  ever  proved  yourfelves 

A 2 worthy 


[ 4 ] 

worthy  the  Favor  of  your  Royal  Prote&ors.  A 
Newton,  who  pruned  his  infant  Wing  under  your 
Aufpices,  when  his  maturer  Flights  foared  to  Worlds 
unmeafurably  diftant,  ftill  thought  a Place  among 
you  an  honorable  Diftindtion.  A Newton’s  immortal 
Labors,  a Boyle,  a Flamstead,  a Halley,  a Ray, 
and  many  others,  of  whom  I truft  it  is  needlefs  to 
remind  you,  have  made  ample  Returns  for  the 
Patronage  of  former  Monarchs. 

But  bountiful  as  the  Encouragement  ye  have 
received  from  former  Patrons  has  ever  been,  the 
Favors  which  Science  has,  through  your  Interceffion, 
received  from  his  prefent  Majefty  (whom  God  long 
preferve!)  have  eminently  outdone  their  moll  extenhve 
Ideas  of  Liberality.  Ample  Funds,  by  Him  provided, 
have  enabled  you  to  reward  Men  of  extenfive  Know- 
ledge and  Ability,  for  fpending  whole  Years  in  the 
Service  of  Science  ; obferving  twice  the  Tranfit  of  the 
Planet  Venus  over  the  Difk  of  the  Sun.  At  your 
Requeft,  the  Publick  defrayed  the  Expence  of  convey- 
ing 
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in'?  them  to  the  moft  diftant  Parts  of  the  Globe  we 
inhabit,  where  the  purpofes  of  their  Million,  fo  im- 
portant to  the  Science  of  Aftronomy,  could  beft  be 
fulfilled  ; while  ye  alone  enjoy  among  your  Fellow 
Academies  the  Reputation  of  having  both  fent  and  re- 
warded them. 


And  more  ; thofe  very  Donations  were  fo  liberally 
planned  by  that  Attention  to  Science  which  has  ever 
diftinguifhed  His  prefent  Majefty’s  Reign,  and  will 
for  ever  bear  Teftimony  of  his  enlarged  Mind,  and 
Difpofition  favorable  to  the  Advancement  of  true 
Knowledge,  that  the  Surplus  alone  enabled  you,  with 
his  Royal  Approbation,  to  inftitute  Experiments  on 
the  Attraction  of  Mountains,  amidft  the  barren  and 
bleak  Precipices  of  the  Highlands  of  Scotland,  which 
then,  for  the  firft  Time,  beheld  Inftruments  of  the 
niceft  Conftruction  tranfported  to  the  Summits  of  their 
pathlefs  Crags,  and  Men,  ufed  to  other  Habitations, 
voluntarily  refiding  in  temporary  Huts,  eager  to  ex- 
prefs  a grateful  Senfe  of  their  Royal  Patron’s  Libe- 
rality, 


[ 6 ] 

Tality,  by  thus  promoting  to  the  utmofl  the  Caufe  of 
Science,  in  which  they  were,  under  his  Prote&ion, 

■embarked. 

Gifts  like  thefe,  unfolicited  and  unconditionally 
bellowed,  might  have  fatisfied  the  Impulfes  even  of  a 
Princely  Munificence ; but  not  fo  with  our  Royal 
Patron.  Amply  informed  in  every  Branch  of  real 
Knowledge,  He  refolved  to  bellow  a {till  more  diftin- 
guifhed  Mark  of  his  Favor  on  Science  which  he 
loved,  and  in  this  his  lad  bed  Gift  has  fulfilled  his 
Royal  Refolution. 

* f 

Such  a Donation,  fo  fuited  to  our  prefent  profper- 
ous  and  flourifiiing  Condition  under  his  Royal  Pa- 
tronage and  Prote&ion,  is  admirably  calculated  to 
increafe  the  Refpect,  great  as  it  is,  which  ye  have  ever 
received  from  the  Learned  of  all  Europe,  placing 
you  at  once,  in  every  Point  of  fplendid  Accommoda- 
tion, as  much  above  all  Foreign  Academies,  as  the 
Labors  of  your  learned  Predeceffors  had  raifed  you 
above  them  in  literary  Reputation. 


Let 
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Let  then  Gratitude  to  a Sovereign,  from  whom  ye 
have  received  fuch  confpicuous  Encouragement,  en- 
gage you,  by  an  Application  to  a Promotion  of  the 
Sciences  ye  feverally  poffefs,  to  deferve  a Continuance 
of  his  Royal  Favor  ; to  meafure  your  future  Exertions 
by  the  Standard  of  his  princely  Liberality  ; and  thus 
Ihew  the  World,  that  ye  {till  are,  as  ye  always  have 
been,  worthy  the  Patronage  of  your  King ! 
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ELOCUTION  and  POLITE  LITERATURE. 


MR.  HENRY  SMEATHMAN,  who  was  many  years 
a pupil  of  the  late  Mr.  Rice,  and  before  he  went  on  his 
travels,  praftifed  with  fuccefs  that  Author’s  ingenious  method 
of  teaching  to  read,  fpeak  and  write,  with  eafe,  energy  and 
propriety  ; begs  leave  to  offer  his  fer vices,  to  the  public  in  the 
fame  mode  of  ufeful  and  polite  inftruction. 

r • - V 

Gentlemen  intending  themfelves  for  the  Church,  the  Bar  or 
the  Senate,  will  by  oral  and  familiar  cidnverfation,  in  a few 
months,  receive  more  improvement,  than  by  a folitary  ftudy 
of  many  years,  in  an  art  not  taught  in  our  Schools  or  Univer- 
fities,  yet  abfolutely  neceffary  to  thofe  who  wifh  to  excel  in 
public  or  polite  life,  or  afpire  to  eminence  in  eloquence  and 
literature. 

By  this  art,  a liberal  education  is  improved  and  accom* 
plifhed,  claffical  learning  advantageoufly  difplayed,  and  the  want 
of  a proficiency  in  the  dead  and  other  languages  fupplied,  as  by 
Mr.  Smeathman’s  method,  founded  on  that  of  Mr.  Rice,  the 
pupils  may  acquire  a critical  knowledge  of  the  idiom  and  ele~ 
gance  of  their  own  without  them. 

This 
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This  recommends  it  peculiarly  to  the  attention  of  all  thofe 
who  wifh  to  have  the  pleafure  of  reading  the  Englifli  claffic 
authors  with  grace  and  propriety,  or  to  write  and  fpeak  cor- 
rectly ; of  thofe  Gentlemen,  who  are  intended  for  the  Navy, 
the  Army,  the  Public-office  or  the  Counting-houfe  ; or  whofe 
juvenile  ftudies  may  have  been  obliterated  by  an  early  intro- 
duction into  thofe  fituations  ; and  of  all  thofe  who  may  have 
been  deprived  of  the  advantages  of  a liberal  education. 

They  are  effectually  cured  of  any  defeCts  in  pronunciation, 
which  do  not  arife  from  an  imperfection  in  the  organs  of 
fpeech  ; and  inftead  of  provincial,  difagreeable  or  abfurd 
habits,  they  acquire  an  energetic,  a perfualive  and  a graceful 
manner  of  fpeaking,  reading  and  reciting.  Above  all,  the 
younger  pupils  receive  this  Angular  and  important  advantage, 
that  their  minds  are  opened  more  early,  their  reafon  is  affifted 
in  its  exertions,  and  directed  to  fuch  objeCts  as  naturally  pro- 
mote the  perfection,  and  the  happinefs  of  human  beings. 

This  method  is  equally  well  adapted  to  both  fexes,  thofe  ad-  . 
vanced  in  life  may  receive  inftruCtion  privately,  as  ufual,  and 
Ladies  will  be  attended  at  their  own  houfes. 

Application  may  be  made  to  Mr.  Smeathman,  at  his  Cham- 
bers, N°  14.  Clement*s-Inn,  Of  whom,  in  a few  days,  may 
be  had  a fhort  Treatife  on  the  nature  of  eloquence,  and  the 
importance  of  learning  to  read,  fpeak  and  write  our  own 
language,  independent  of  all  others  ; with  a plan  of  his  mode 
of  teaching,  and  the  advantages  to  be  derived  from  it. 

The  following  are  detached  extraCh  from  the  above-men- 
tioned Treatife. 
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44  Thofe  who  have  not  fludied  and  been  exercifed  in  reading 
44  fpeaking  or  compofing,  in  their  own  language,  will  not  do ' 
44  either  in  fuch  a manner  as  to  claim  or  deferve  attention  ; 
44  and  it  is  the  talent  of  performing  them  with  eafe,  energy 
44  and  propriety*:  which  we  call  eloquence. 

*4  People  are  ufually  very  folicitous  tahave  their  children  in- 
44  ftructed  in  all  thofe  liberal  arts,  which  are  deemed  requifite  to* 
44  perfedt  them  as  Gentlemen  and  Scholars  : and  furely  as  no- 
44  thing  contributes  more  to  this  intention,  they  would  not  omit 
44  oratory,  if  they  thought  it  Was  to  be  learned.  They  lifted 
44  with  rapture  to  the  charms  of  eloquence,  but  are  not  aware* 
44  that  it  is  in  their  power  to  procure  this  ineftimable  talent' 
44  for  thofe  who  are  the  objedts  of  their  ineeflant  care  and  daily 
44  anxfetyi**- 

— 44  This' can  only  arife  from  the  erroneous  idea  that  oratory  is 
44  not  to  be  taught  or  acquired.  Yet  no  art  is  more  fimple  iil 
44  its  Principles,  or  clearer  in  its  rules,  and  no  rules  are  more 
44  eafily  reduced  to  pradtice,  or  more  certainly  pradtifed  with 
44  fuccefs.”— 

1 44  It  is  granted  that  people  may  improve  ■ themfelves  much 
44  by  private  declamation.  The  art  of  eloquence,  however, 
“ is  in  this  refpedt  like  fencing,  in  which  a man  can  learn 
44  very  little  by  pulhing  againft  a wall : he  may  indeed 
44  ftrengthen  his  mufcles,  and  enable  himfelf  to  bear  the 
44  fatigue,  but  it  is  by  frequent  exertion  with  a mailer  only 
14  that  he  can  expedt  to  acquire  Ikilh 

A 2 


44  It 
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44  It  is  from  the,  friendly,  obfervations,  the  oral  information, 
44  the  frequent  contentions -and  the . •unreftrained  cor  regions, 
44  of  a Ikilful  companion,’  ihat  a ftudent  in  oratory  can  derive  * 
66  effential  improvements  writing  alone  can  no  more ; cortimu-  - 
44  iiicate  the  art  than  itrcan  fpeeah  to  the  dumb.  • r:  - 

4 ‘ T hofe  the refare ■ who  educate  their  children  for  eminent 
V flat  ions  ill  life,  with  thehope  that-  they-willt  one -day  render. 
46  themfelves  confpicuous’  in,  the  Senate,  ther Church  or  the. 
44  courts  of  Law  and  Juftice,  without  Laving  them  grounded-jin- 
44  the  firft  principles  of  eloquence;  expeCt  to  reap  where  they  > 
44  have  not  fown  : they  . m.uft  in  .alh.pjrph4hiUly*:be  difjippoijit-i 
- ed.’V- h : 


— 44  There  is  fcarce  a man  of  a moderate  age  and. capacity  not 
44  born  with  feme  invincible  imperfection  in  the  organs  of 
44  fpeech.,  Jwho  may  not  in,  twelye  months  be' enabled  to  com- 
46  mumchte  his  thoughts j .with  pleafure  to  his  audience,  and 
44  credit  to  himfelf ; or  f(J  to  read  the  Liturgy ' as  to  excite 
44  Devotion  in  the  moft  lukewarm,  and  to  confirm  it  by  a na- 
44  tural,  perfuafive  and  convincing  manner  of  delivering  the 
44  great  and  eflential  truths  of  Religion;  and  how  much  this 
44  is  to  be  wifhed  is  left  to  the  opinion  of  all  who  have  heard 
44  the  difgufting  -and  unedifying  manner  in  which  the  fineft 
44  compofitions  are  generally  delivered  in  our  public  places  of 
44  worfhip,  and  feen\  the  awkward  figures  feme  of  our  learned 
44  Senators  make  when*  they  attempt  to  fpeak  in  Parliament.”— 

— 44  We  have  hitherto  treated  only  of  the.  moft  obvious  advan- 
44  tages  arifing  from  the  ftudy  of  eloquence.  On  a clofer 

“ view, 


l:s  3 

view,  many  pother  important  benefits  will  be  found  to  be 
derived  from  it.  Of  thefe,  opening  the  mind,  improving 
the  heart  and  infufing  a defire  of  knowledge,  deferve  par- 
ticular notice.  Such  is'the  tendency,  effect  and  benefit,  of 
the  mode  of  inftrudtion  here  recommended  ; for  as  it  applies 
direftly  to  the  underffanding  without  burthening  the  me- 
4 mory*,  or  perplexing  the  mind*  the  youngeff  pupils  recur 
4 to  it  with  delight;  and  its  uncommon  fucceis,  when  at— 

4 tempted,  has  arifen  from  the  immediate  conviction  whiclr 
4 they  feel,  that  our  path  to  knowledge  is  ■ pleafant,  and 
4 the  ‘ pofieffioii  of  it  highly  advantageous  and  defirable.” — 

b;  ?!:’  . Lx.:;  :• f . * : ' 

44  Our  youth  are  generally  very,  defective  in  thofe  polite.. 

) Branches  of  Knowledge  without  which  claflical  Learning  is 
4 of  little  ufe.  Their  manners  , frequently  continue  rough  and. 

6 puerile,  when  they  ought  to  he.  graceful  and  manly,  their. 

4 fpeech  inarticulate  or  lloveniy,  dilTonant  or  defective,  diff 
4 agreeable,  and  often  unintelligible  ; and  very  few,  even. 

6 among  thofe  who  are  good  fcholars,  can  read  or  write  their. 

4 own  language  with  eafe  or  propriety : an  accomplifhment. 

4 abfolutely  neceffary  to  thofe  who  wifh  to  derive  any  advan- 
4 tage  from  extenfive  knowledge  or  profound  erudition.” 

44  Young  People  are  naturally  emulous  of  the  company  of 
4 perfons  refpeftable  either  for  their  Rank  or  Abilities*  and  if 
4 they  pafs  their  time  with  low  or  ignorant  people  it  is  for 
4 want  of  being  properly  introduced  and  accuftomed  to  mix  in 
4 the  converfation  of  men  of  polifhed  manners  and  liberal  ac- 
4 compli(hments°” 

— 44  The  mode  of  Inftruction  here  recommended,  muff  necef- 
44  farily  in  its  Courfe  remove  thefe  Defeats,  and  the  prejudices 

44  intailed 
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44  intailed  on ‘them;  and  promote  the  acquifition  of  thofe 
“ ufefull  arts,  on  which  the  Succefs  of  life  fo  much  depends.” 

44  In  the  profecution  of  it  their  Curiofity  is  excited  and  di- 
64  rented  to  proper  objedts,  and  a defire  for  general  knowledge 
44  the  great  foundation  of  excellence,  implanted  by  making  them 
44  acquainted  with  fuch  remarkable  things  in  nature  and  art 
44  as  are  worthy  of  Attention.  Inftead  of  a flovenly  or  ungrace- 
44  full  mode  of  fpeaking,  they  are  taught  to  deliver  their  fenti- 
44  ments  with  propriety  and  precilion  according  to  times  and 
44  circumftances ; confequently  their  manner  when  improper 
44  is  reformed  infenfibly,  and  without  appearing  an  -object  of 
44  attention  ; their  Minds  are  cultivated  by  frequent  appeals 
44  to  their  underftanding,  and  their  judgements  regulated  by 
44  the  conftant  habit  of  obfervation  and  reflexion,  exercifed 
44  in  a Minute  enquiry  into  the  Truth  and  propriety  of  fuch 
44  thoughts  as  they  are  diredted  to  in  the  courfe  of  their  ftudy. 
44  Thus  being  early  qualified  for  the  company  of  well  bred  and 
44  intelligent  people  they  appear  with  becoming  confidence  and 
1(6  fatisfadtion  on  all  occafions.” 


Explanation  of  the  plates  to  Mr.  smeath man’s  Account  of 
the  Termites  of  Africa,  &c. 


TAB.  VII.  fig.  i.  The  hill-neft  railed  by  the  Termites  bellicofi,  defcribed 

page  148. 

a a a.  Turrets  by  which  their  hills  are  railed  and  enlarged,  p.  150. 

Fig.  2.  A fedion  of  fig*  1.  as  it  would  appear  on  being  cut  down  through  the 
middle  from  the  top  a foot  lower  than  the  furface  of  the  ground,  p.  154. 

AA.  An  horizontal  line  from  a on  the  left,  and  a perpendicular  line  from  A at 
the  bottom,  will  interfed  each  other  at  the  royal  chamber,  p.  154. 

The  darker  lhades  near  it  are  the  empty  apartments  and  palTages.,  which  it 
feems  are  left  fo  for  the  attendants  on  the  king  and  queen,  who,  when 
old,  may  require  near  one  hundred  thoufand  to  wait  on  them  every  day. 

The  parts  which  are  the  lead:  fhaded  and  dotted  are  the  nurferies,  Turrounded, 
like  the  royal  chamber,  by  empty  palTages  on  all  fides  for  the  more  eafy 
accefs  to  them  with  the  eggs  from  the  queen,  the  provifion  for  the  young, 
&c.  N.  B.  The  magazines  of  provifions  are  fituated  without  any  Teeming 
order  among  the  vacant  palTages  which  furround  the  nurferies. 

B.  The  top  of  the  interior  building,  which  often  feems,  from  the  arches 
carrying  upward,  to  be  adorned  on  the  fides  with  pinnacles,  p.  156. 

c.  The  floor  of  the  area  or  nave,  p.  156. 

ddd.  The  large  galleries  which  afcend  from  under  all  the  buildings  fpirally 
to  the  top,  p.  156. 

EE.  The  bridges,  p.  158. 

Fig.  3.  The  firffc  appearance  of  an  hill-nefi:  by  two  turrets,  p.  150. 

Fig.  4.  A tree,  with  the  neft  of  the  Termites  arborum,  and  their  covered  way,* 

p.  1 6 1. 

ffff.  Covered  ways  of  the  Termites  arborum,  p.  173. 

Fig.  5.  A fedion  of  the  neft  of  the  Termites  arborum. 

Fig.  6.  A nell  of  the  Termites  bellicofi,  with  Europeans  on  it,  feemingly  ob- 
ferving  a veflel  at  fea,  p.  1 5,1. 

Fig.  7.  A bull  Handing  centinel  upon  one  of  thefe  nefis,  while  the  reft  of  the 
herd  is  ruminating  below,  p.  151. 

ggg.  The  African  palm-trees,  from  the  nuts  of  which  is  made  the  Oleum, 
Palmas. 

Tab.  VIII.  fig.  I.  A tranfverfe  Tedion  of  a royal  chamber,.,  p.  151. 

qq%  The  thin  fides  in  which  the  entrances  are  made,  p.  152. 

Fig.  2.  A longitudinal  fed  ion  of  a royal  chamber,  p.  15.1. 

b . The  entrances,  p.  187. 

a.  The  door  Ihut  up,  as  left  by  the  labourers,  p.  187. 

Fig.  3.  A royal  chamber  fore-lhortened. 

Fig.  4.  The  fame  royal  chamber  reprefented  as  juft  opened,-  and  difcovering ... 
(b)  the  queen,  and  her  attendants  running  round  her,  p.  188. 

bb . A line  drawn  from  b to  b will  run  along  the  range  of  doors  or  entrances,. 

P-  i87\ 

aaa.  A line  run  from  a to  aa  will  crofs  the  door,  which  remains  clofed  as  it 
was  found.  The  reft  are  reprefented  as  they  appear  fince  the  mortar, 

with. 


Fig 

Fig. 


Fig. 


•j*  which  they  were  flopped  up,  hat  been  In  part  or  wholly  picked  out 
with  a fmall  wftrument,  p.  187,  ' “ ul 

5.  A nurlery,  p.  153. 

b.  A little  nutfery,  with  the  ee»s,  the  voun?  ,u„  - 

mouldinefs,  &c.  as  juft  taken  from  tbe  hill,  jf,  ’ * mu^lrooni!i 
7-  The  mufhrooms  magnified  by  aftrong  lens,  p.  j54 


Tab.  IX.  fig.  t.  and  a.  The  turret  nefts,  with  roofs  of  the  Termes  raorda* 
and  a Termes  atrox  as  finilhed,  p.  159. 

Fig.  3.  A turret,  with  the  roof  begun. 

Fig.  4.  A turret,  raifed  only  about  half  its  height. 

Fig.  5.  A turret,  building  upon  one  which  had  been  thrown  down,  p.  160. 
Fig.  6.  6.  A turret,  broken  in  two. 

Tab.  X.  fig.  I.  A Termes  bellicofus,  p.  141.  numb.  1.  and  p.  165. 

Fig.  2.  A kikg.  N.B.  A king  never  alters  his  form  after  he  lofes  his  wings, 
neither  does  he  apparently  increafe  in  bulk. 

Fig.  3.  A queen,  p.  170. 

Fig.  4.  The  head  of  a perfe&  infe&  magnified. 

Fig.  5.  A face,  with  ftemmata  magnified,  p.  141,  numb. 

Fig.  6.  A labourer,  p.  163. 

Fig.  7.  A labourer  magnified. 

Fig.  8.  A foldier,  p.  164. 

Fig.  9.  A foldier’s  forceps  and  part  of  his  head  magnified,  p.  164. 

Fig.  10.  The  Termes  mordax,  p.  141.  numb.  2.  and  p.  16 1. 

Fig.  ii.  The  face  with  the  ftemmata  magnified,  p.  141,  numb.  2. 

Fig.  12.  A labourer. 

Fig.  1 3.  A foldier. 

Fig.  14.  The  Termes  atrox,  p.  141.  numb.  3.  and  p.  160. 

Fig.  15.  The  face  and  ftemmata  magnified,  p.  141,  numb.  3. 

Fig.  16.  A labourer. 

Fig.  17.  A foldier. 

Fig.  18.  Idem. 

Fig.  19.  The  Termes  deftru&or,  p.  141.  numb.  4. 

Fig.  20.  The  face  and  ftemmata  magnified,  p.  141.  numb.  4. 

Fig.  21.  The  Termes  arborum,  p.  141.  numb.  5.  and  p.  162. 

Fig.  22.  The  face  and  ftemmata  magnified,  p.  141.  numb.  5. 

Fig.  23.  A labourer. 

Fig.  24.  A foldier. 

Fig.  25.  A QUEEN,  p.  172. 

N.  B.  In  the  figures  5.  11.  15.  20.  and  21.  the  two  white  fpots  between 
the  edges  are  the  ftemmata. 
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XV.  71  7* E W Experiments  upon  Gun-powder,  with  occafona! 

™ Obfervations  and  practical  (Infer encH , to  which  are 
added i an  Account  of  a new  Method  of  determining  the  Veio & 
cities  of  all  Kinds  of  Military  ProjeCiiles^  and  the  Defer  ip ~ 
tion  of  a very  accurate  Epr  olivette  for  Gun -powder.  By 

Benjamin  Thompfon,  Efq , F.  R.  S.  Page  230 

XVI.  Account  of  a luminous  Appearance  in  the  Heavens.  By 

Mr.  Tiberius  Cavallo,  F.  R.  S.  in  a Letter  to  Sir  Jofeph 
Banks,  Bart.  P.  R.  S.  p.  329 

XVII.  Account  of  an  Earthquake  at  Hafodunos  near  Denbigh. 

By  John  Lloyd,  Efq.  F.  R.  S.  in  a Letter  to  Sir  Jofeph 
Banks,  Bart.  P . R.  S.  p.  3 31 

XVIII.  On  the  Heat  of  the  Water  in  the  Gulf f ream.  By  Charles 
Blagden,  M.  D . Phyfician  to  the  Army , F.  R.  S.  p.  334 

XIX.  Account  of  the  Appearance  of  the  Soil  at  opening  a Well  at 

Hanby  in  Lincolnfhire.  In  a Letter  from  Sir  Henry  C. 
Englefield,  Bart,  1 F*  R.  and  A.  S.  to  Sir  Jofeph  Banks, 
Bart.  P.  R.  S.  p*  345 

XX.  Agronomical  Obfervations  made  by  Nathaniel  Pigott,  .Efq. 

F.  R.  S.  Foreign  Member  of  the  Academies  of  Brufiels  and 
Caen,  and  Correfpondent  of  the  Academy  of  Sciences  at  Paris. 
Communicated  by  Sir  Henry  C.  Englefield,  Bart.  F.  R. 
and  A.  S.  p.  347 

XXI.  AbfraCl  of  a Regifter  of  the  Barometer , Fhermorneter , 

and  Rain , at  Lyndon,  in  Rutland,  1780,  By  Thomas 
Barker,  Efq . p.  34 1 
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XXII.  Some  Calculations  cf  the  Number  of  Accidents  or  Deaths 
which  happen  in  confequence  cf  Parturition  ; and  of  the  Paopcr- 
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XV.  New  Experiments  upon  Gun-powder , with  occajional  03- 
fervations  and' practical  Inferences ; to  which  are  added , an 
Account  of  a new  Method  of  determining  the  Velocities  of  all 
Kinds  of  Military  Projedliles , and  the  Defcription  of  a very 
accurate  Eprouvette  for  Gun-powder . By  Benjamin  Thomp- 
fon,  Efq , F.  R.  S. 

Read  March  29,  1781. 

THESE  experiments  were  undertaken  principally  with  a 
view  to  determine  the  moft  advantageous  fituation  for  the 
vent  in  fire-arms,  and  to  meafure  the  velocities  of  bullets,  and  the 
recoil  under  various  circumftances.  I had  hopes  alfo  of  being- 
able  to  find  out  the  velocity  of  the  inflammation  of  gun-powder, 
and  to  meafure  its  force  more  accurately  than  had  hitherto  been 
done.  They  were  begun  in  the  month  of  July  in  the  year 
Vol.LXXI.  % I i?78> 
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1778,  at  Stoneland  Lodge,  a country  feat  of  Lord  george 
Germain’s,  and  I was  alfifted  by  the  reverend  Mr.  bale, 
redor  of  Withyham,  who  lives  in  the  neighbourhood. 

The  weather  proved  remarkably  favourable  for  our  experi- 
ments, being  fettled  and  ferene,  fo  that  the  courfe  of  them  was 
never  interrupted  for  a whole  day  by  rain  or  by  any  accident. 
The  mercury  in  the  barometer  flood  in  general  pretty  high, 
and  the  temperature  of  the  atmofphere  was  very  equal,  and 
moderately  warm  for  the  feafon.  In  order  that  each  experiment 
might,  as  nearly  as  poflible,  be  under  fimilar  circumftances,  they 
were  all  made  between  the  hours  of  ten  in  the  morning  and 
five  in  the  afternoon  : and  after  each  difcharge  the  piece  was 
wiped  out  with  tow  till  all  the  infide  of  the  bore  was  perfectly 
clean,  and  as  bright  as  if  it  had  juft  come  out  of  the  hands  of 
the  maker ; and  great  care  was  taken  to  allow  fuch  a fpace  of 
time  to  elapfe  between  the  firings,  as  might  render  the  heat  of 
the  piece  nearly  the  fame  in  every  experiment. 

A defcription  of  the  apparatus . 

The  barrel  principally  ufed  in  thefe  experiments  was  made 
by  wogdon,  one  of  the  moft  famous  gunfmiths  in  London ; 
and  nothing  can  exceed  the  accuracy  with  which  it  is  bored,  or 
the  finenefs  of  the  polilh  on  the  infide.  It  is  made  of  the  very 
beft  iron,  and,  agreeably  to  Mr.  robins’s  advice,  I took  care 
to  have  it  well  fortified  in  every  part,  that  there  might  be  no 
danger  of  its  burfting.  Its  weight  and  dimenfions  may  be  feen 
in  the  table  of  the  weight  and  dimenfions  of  the  apparatus* 
p.  242. 

Fig.  1.  Reprefents  a longitudinal  fe£tion  of  a part  of  the 
barrel,  with  the  apparatus  firft  madeufe  of  for  Ihifting  the  vent 
from  one  part  of  the  chamber  to  another,  or  rather  for  moving 

the 
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the  bottom  of  the  chamber  further  from,  or  bringing  it  nearer 
to,  the  vent,  in  order  that  the  fire  might  be  communicated  to 
the  powder  in  different  parts  of  the  charge. 
b , reprefent  the  lower  part  of  the  barrel. 

c,  is  the  breech-pin,  which  is  perforated  with  a hole  four- 
tenths  of  an  inch  in  diameter,  the  axis  of  which  coincides 
with  the  axis  of  the  bore. 

Into  this  hole  the  fcrew  b9  n>  about  four  inches  in  length,  is 
fitted  ; to  the  end  of  which,  ni  that  pafles  up  into  the  bore,  is 
fixed  a pifton  0,  pb  which,  by  means  of  collars  of  oiled  leather, 
is  made  to  fit  the  bore  of  the  piece  very  exactly.  The  end  of 
the  pifton  p,  neareft  the  muzzle,  is  of  brafs,  and  forms  a move* 
able  bottom  to  the  bore,  which  by  turning  the  fcrew  h , by 
means  of  the  handle  m , is  brought  nearer  to,  or  removed  fur* 
ther  from,  the  fixed  vent  v9  by  which  means  the  powder  is 
lighted  at  any  aflignable  diftalice  from  the  bottom  of  the  charge. 

But  the  length  of  the  bore  being  altered  by  moving  the 
pifton,  which  occafioned  a fmall  inaccuracy,  and  fome  incon- 
venience attending  the  apparatus,  it  was  laid  afide,  and  ano- 
ther  reprefented  by  fig,  was  fubftituted  in  the  room  of  it. 

a , b9  is  a feftion  of  part  of  the  barrel  as  before,  and  c is  the 
breech-pin,  which  being  perforated  with  a fmall  hole  through 
its  center  receives  the  fcrew/i  g9  which  is  about  two-tenths  of 
an  inch  in  diameter,  and  four  inches  long.  This  fcrew  being 
perforated  with  a very  fmall  hole,  ferves  to  convey  the  fire  into 
the  chamber  of  the  piece*  and  by  fcrewing  it  further  up  into 
the  bore,  or  drawing  it  backwards,  the  fire  is  communicated  to 
different  parts  of  the  charge. 

But  this  method  being  found  to  he  not  intirely  free  from  mac- 
curacies  and  inconveniencies,  a third  was  fubftituted  in  the 
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room  of  it,  which  was  found  to  anfwer  much  better  than  either 

of  the  preceding. 

The  end  of  the  bore  was  now  firmly  clofed  by  a folid  breech- 
pin  />,  fig.  3.  and  three  vent  holes  w,  n9  and  0,  were  made  in 
the  barrel ; one  of  them,  ;;;,  even  with  the  bottom  of  the  bore, 
and  the  other  two  at  different  diftances  from  it.  Any  two  of 
thefe  vent  holes,  as  n and  0 for  inftance,  being  clofed  up  by 
folid  ferews,  a perforated  ferew,  or  vent  tube  v,  was  ferewed 
into  the  third,  which  ferved  to  contain  the  priming,  and  to' 
convey  the  fire  to  the  powder  lodged  in  the  bore  of  the  piece. 

Sometimes  a longer  vent-tube,  reprefented  by  fig.  4.  was 
made  ufe  of ; which,  paffing  through  the  powder  in  the  cham- 
ber of  the  piece,  communicated  the  fire  immediately  to  that 
part  of  the  charge  that  lay  in  the  axis  of  the  bore. 

Another  vent-tube  alfo  was  ufed  occafionally,  which  differs 
in  many  refpedts  from  both  thofe  that  have  been  deferibed.  It 
is  fo  conftrudted  as  to  convey  the  fire  to  the  charge  ; but,  as  foon 
as  the  powder  in  the  chamber  of  the  piece  begins  to  kindle, 
and  the  elaftic  fluid  to  be  generated,  the  vent  is  firmly  clofed  by 
a valve,  and  no  part  of  the  generated  fluid  is  permitted  to 
efcape.  This  I fhall  call  the  valve-vent.,  and  it  is  reprefented 
by  fig.  5.  upon  an  enlarged  fcale,  that  the  parts  of  it  may 
appear  more  diftindt. 

ay  b , is  a longitudinal  fedtion  of  a final!  portion  of  the  folid 
fide  of  the  barrel* 

c,  d , is  the  vent-tube,  which  is  in  all  refpedts  like  the  fhort 
vent-tube  commonly  made  ufe  of,  except  only  that  in  this  the 
end  of  the  vent-hole  (e)  which  goes  into  the  chamber  is*  en- 
larged in  the  form  of  the  wide  end  of  a trumpet  or  funnel. 

To  this  enlarged  aperture  the  valve,  vr  is  accurately  fitted, 
and  by  means  of  the  fmall  Item  or  tail,  /,  which  is  fixed  to  the 
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valve,  and  which  pafles  up  through  the  vent-hole,  and  is  con- 
nected with  the  fpring  S,  the  valve  is  prefled,  or  rather  drawn 
into  its  place,  and  the  vent  is  clofed.  The  ftem  of  the  valve 
was  at  firft  made  cylindrical;  but,  in  order  to  make  way  for 
the  priming  to  pafs  down  to  the  valve,  one-half  of  itsfubftance 
was  taken  away,  as  is  reprefented  in  the  figure. 

When  this  vent  is  primed,  the  {pace  between  the  vent  hole 
and  the  ftem  of  the  valve  is  filled  with  fine-grained  powder,, 
and  the  valve  is  gently  opened  by  prefling  upon  the  end  of  the 
ftem  till  one  or  more  grains  of  powder  lodge  themfelves  be- 
tween the  valve  and  the  aperture;  which  preventing  the  valve 
from  doling  again,  a final!  opening  is  left  for  the  paflage  of  the 
flame  into  the  chamber  of  the  piece:  therefore,  when  the 
priming  islighted,  the  fire  palling  down  the  vent,  and  entering 
the  chamber,-  inflames  the  charge,  and  the  fmall  grains  of  pow- 
der that  were  lodged  between  the  valve  and  the  aperture  being 
deftroyed  by  the  flame  in  its  paflage  through  the  vent,  the  valve 
immediately  clofes,  and  prevents  the  efcape  of  any  part  of  the 
elaftic  fluid  generated  by  the  inflammation  of  the  powder  in  the 
chamber  of  the  piece.  The  preflure  of  this  fluid  upon  the 
valve  aflifts  the  aCtion  of  the  fpring,  by  which  means  the  valve 
Ls  more  expeditioufly  and  more  effectually  clofed. 

The  valve  was  very  accurately  fitted  to  the  aperture  by  grind- 
ing them  together  with  powdered  emery,  and  afterwards  po- 
lilhing  them  one  upon  the  other.  And' it  is  very  certain,  that 
no  part  of  the  elaftic  fluid  made  its  efcape  by  this  vent ; for, 
upon  firing  the  piece,  there  was  only  a Ample  fiafli  from  the' 
explofion  of  the  priming,  and  no  ftream  of  fire  was  to  be  feen 
ifliiing  from  the  vent,  as  is  always  to  be  obferved  when  a corn-- 
— .. : lcje  vife  of,  and  in  all  other  cafes  where  this  fluid' 
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In  order  that  every  part  of  the  apparatus  employed  in  thefe 
experiments  might  be  as  perfect  as  poflible,  all  the  more  deli- 
cate parts  of  it  were  executed  by  Mr.  fraser,  mathematical 
inftrument-maker  in  Duke’s  Court,  St.  Martin’s  Lane,  and, 
among  the  reft,  all  the  contrivances  juft  defcribed  relative  to 
the  vent* 

The  velocities  of  the  bullets  were  determined  by  means  of  a 
pendulum,  according  to  the  method  invented  by  Mr.  robins. 

The  pendulum  I made  ufe  of  (fig.  6.)  is  compofed  of  a cir- 
cular plate  of  hammered  iron  (tf),  13  inches  in  diameter,  and 
0,65  of  an  inch  thick,  to  which  is  firmly  faftened  a bar  of  iron 
( bv  r)  56,5  inches  in  length,  2,6  inches  broad,  and  half  an 
inch  in  thicknefs,  by  which  it  is  fufpepded  by  means  of  two 
pivots  (^,  e ) at  the  end  of  the  bar  (c),  and  at  right  angles  to 
its  length*  Thefe  pivots  being  very  accurately  finifhed,  and 
moving  on  polifhed  grooves,  which  were  kept  conftantly  oiled 
to  ieflen  the  friction,  the  vibration  of  the  pendulum  was  very 
free,  as  appeared  by  the  great  length  of  time  its  vibrations  con- 
tinued after  it  had  been  put  in  motion,  and  was  left  to  itfelfi 
To  the  circular  plate  of  the  pendulum,  targets  of  circular 
pieces  of  wood  of  different  thickneffes  were  fixed,  which  in  the 
courfe  of  the  experiments  were  often  fpoiled  and  replaced  : and, 
in  order  to  mark  the  weight  and  dimen  lions  of  the  pendulum 
in  each  experiment, the  pendulums  are  numbered  according  to  the 
different  targets  that  were  made  ufe  of  ; and  the  weight  and 
dimenfions  of  each  pendulum  are  fet  down  in  a table  at  the  end 
of  the  defcription  of  the  apparatus. 

The  target  of  the  pendulum  N°  1.  was  made  of  a circular 
piece  of  elm-plank,  3!  inches  thick,  and  equal  in  diameter  to 
the  iron  plate  of  the  pendulum  to  which  it  was  fixed  ; but  this 
target  being  too  thin  was  very  foon  ruined. 
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The  pendulum  N°  2.  was  furnifhed  with  two  targets,  which 
were  circular  pieces  of  very  tough  oak-plank,  near  five  inches 
thick,  placed  on  oppofite  fides  of  the  plate  of  the  pendulum, 
and  firmly  fixed  to  it  by  fcrews,  and  to  each  other  by  iron 
draps.  When  one  of  thefe  targets  was  ruined,  the  pendulum 
was  turned  about,  and  the  other  was  made  ufe  of.  This  pen- 
dulum la  fled  from  experiment  ISP9.  to  experiment  when  it 

was  fo  much  fluttered  as  to  be  rendered  unfit  for  further  fervice*. 

The  pendulum  N°  3.  was  like  the  pendulum  N°  2.  ; only, 
indead  of  oak,  elm-plank  near  feven  inches  in  thicknefs  was 
made  ufe  of  for  the  targets.  This  pendulum  ferved  from  ex- 
periment N°  40.  to  experiment  N°  1 o 1 . inclufively. 

But  finding  that  targets  made  of  planks  of  the  toughed 
wood  were  very  foon  fhattered  to  pieces  by  the  bullets,  I com- 
pofed  the  pendulum  N°  4.  in  a different  manner.  Indead  of 
circular  pieces  of  plank,  folid  cylinders  of  elm-timber  were 
made  ufe  of  for  the  targets,  fo  that  the  bullets  now  entered 
the  wood  in  the  direftion  of  its  fibres.  Thefe  cylinders  are 
13  inches  in  diameter,  and  about  5I  inches  in  length,  hooped 
with  iron  at  both  their  ends  to  prevent  their  fplitting,  and 
firmly  fadened  to  the  plate  of  the  pendulum,  and  to  each  other 
by  four  iron  draps.  This  pendulum  laded  till  the  experiments 
were  finifhed.  It  is  dill  in  being,  and  appears  to  be  very  little 
the  worfe  for  the  fervice  it  has  undergone. 

Fig.  7.  fhews  the  two  ends  of  the  pendulum  upon  a large 
fcale,  together  with  the  hooks  or  grooves  by  which  it  was 
fufpended. 

tf,  b , is  the  bar  of  the  pendulum,  which  is  feen  broken  ofi^ 
as  there  is  not  room  to  fhew  the  whole  of  its  length* 

c , d \ are  the  pivots  by  which  it  was  fufpended* 

f,  is 
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e , is  the  circular  plate  of  the  pendulum,  to  which 

j]  g , two  circular  targets,  are  faftened  by  fcrews,  and  by 
means  of  the  iron  ftraps,  i,  2,  3,  4,  which  are  nailed  to  the 
edges  of  the  targets. 

hy  ky  are  the  hooks  which  ferved  inftead  of  grooves  to  receive 
the  pivots,  Cy  dy  of  the  pendulum. 

The  hooks  were  firmly  fixed  to  the  horizontal  beam  R.  S. 
which  Supported  the  whole  apparatus  by  means  of  three  lcrews 
niy  fly  Oy  which  pafled  through  three  holes  in  the  plate  that 
connefts  the  two  hooks.  When  the  hooks  were  faftened  to  the 
beam,  the  middle  fcrew,  riy  was  firft  put  into  its  place,  and 
the  pendulum  was  allowed  to  fettle  itfelf  in  a pofition  truly 
perpendicular,  after  which  the  grooves  were  immoveably  fixed 
by  means  of  the  fcrews  ifiy  0 . 

The  chord  of  the  arc,  through  which  the  pendulum  afcended 
in  each  experiment,  was  meafured  by  a ribbon,  according  to  the 
method  invented  and  defcribed  by  Mr.  robins. 

The  recoil  was  meafured  in  the  following  manner.  The 
barrel  was  fufpended  in  an  horizontal  pofition  (and  nearly  in  a 
line  with  the  center  of  the  target)  by  two  fmall  pendulous 
rods,  64  inches  in  length,  and  25,6  inches  afunder;  which 
being  parallel  to  each  other,  and  moving  freely  upon  polilhed 
pivots  about  the  axes  of  their  fufpenfion,  and  upon  two  pair  of 
trunnions  that  were  fixed  to  the  barrel,  formed,  together  with 
the  barrel,  a compound  pendulum ; and  from  the  lengths  of 
the  vibrations  of  this  pendulum,  the  velocity  with  which  the 
barrel  began  to  recoil,  or  rather  its  greateft  velocity,  was  deter- 
mined. 

But  in  order  that  the  velocity  of  the  recoil  might  not  be  too 
great,  fo  as  to  endanger  the  apparatus  when  large  charges  were 
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made  ufe  of,  it  was  found  necefiary  to  load  the  barrel  with  an 
additional  weight  of  more  than  40  lbs.  of  iron. 

This  additional  weight  of  iron,  which  I (hall  call  the  gun  car- 
riage, as  it  was  fo  conftrucled  as  to  ferve  as  a carriage  to  the 
barrel,  is  compofed  of  a bar  of  hammered  iron  28  inches  in 
length,  2,6  inches  broad,  and  half  an  inch  in  thicknefs,  which 
is  bent  in  the  middle  of  its  length  in  fuch  a manner,  that  its 
two  flat  fides  or  ends  are  parallel  to  each  other,  and  diftant 
afunder  two  inches*  In  the  middle  of  this  bar  where  it  is  bent 
is  a hole  in  the  form  of  an  oblong  fquare,  which,  receiving  the 
end  of  the  breech-pin,  fupports  the  lower  end  or  breech  of  the 
barrel.  The  other  end  of  the  barrel  is  fupported  and  confined 
in  the  following  manner.  A ring  or  hoop  of  iron,  near  half 
an  inch  thick,  and  two  inches  in  diameter,  is  placed  in  a ver^ 
tical  position  between  the  parallel  fides  of  the  bar,  and  near  its 
two  ends,  and  firmly  fixed  to  them  by  fcrews.  The  barrel 
pafling  through  the  middle  of  this  ring  is  fupported  upon  the 
ends  of  three  fcrews,  which  pafling  through  the  ring  in  dif- 
ferent parts  of  its  circumference  all  point  towards  its  center. 

The  carriage,- togpther  with  the  barrel,  was  fufpended  by  the 
pendulous  rods  by  means  -of. two  pair  of  polifhed  trunnions  that 
are  fixed  to  the  outfide  of  the  carriage.  They  are  placed  in  an 
horizontal  line  perpendicular  to,  and  pafling  through,  the  axis 
of  the  bore. 

Fig.  8.  reprefents  the  barrel  fixed  to  the  carriage. 

b,  c , is  the  bar  of  iron  which  forms  the  carriage  feen 
edge-ways. 

2,  2,  4,  4,  are  the  trunnions  by  which  it  was  fufpended. 

d , e , is  the  barrel  in  its  proper  place. 

py  is  the  breech-pin*,  which  pafling  through  a hole  in  the 
middle  of  the  bar,  a,  b , c , fupports  the  end,  e , of  the  barrel ; and 

n , is  the  ring  that  fupports  the  end,  d , of  the  barrel. 
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Fig.  9.  reprefents  a perpendicular  feftion  through  the  liner 
2,  2,  fig.  8.  and  in  a*  line  perpendicular  to  the  length  of  the 
barrel. 

This  figure  is  defighed  to  fhew  the  manner  in  which  the 
muzzle  of  the  piece  was  fupported  and  confined  in  the  ring  n, 
%•  8. 

a9  c9  are  the  two  ends  of  the  bar  that  are  feen  cutoff! 

nr  is  the  ringy;  and 

0 , p,  are  the  fcrews  by  which  it  is  fattened  to  the  two  parallel 
fides-  of  the  bar,  the  ends  of  which  form  the  trunnions  2,  2y 
%.  8. 


d,  is  a tranfverfe  fection  of  the  barrel,  and 
r,  s9  t , are  the  three  fcrews  by  which  the  barrel  is  fupported 
and  confined  in  the  center  of  the  ring. 

Fig.  1 a.  13  the  fame  as  fig.  9.  but  upon  a larger  feale. 

Fig.  i t . reprefents  the  two  ends  of  one  of  the  pendulous 
rods  by  which  the  barrel  was  fufpended  ; and  fig.  13.  fhews  the 
'feme  feen  fideways.. 

a\  h9  is  the  rod  which  is  feen  broken  off. 

Cyd)  are  the  pivots  by  which  it  was  fufpended  by  a pair  of 


hooks  or : grooves  that  were  fattened  to  an  horizontal  beam,  in 


the  fame  manner  as  the  pendulum  for  meafuring  the  velocities 
of  the' bullets  was- fufpended; 

e.  f9  are  the  hooks  which  receive  the  trunnions  that  are  fixed 

to  the  carriage. 


The  climenfions  of  every  part  of  this  apparatus  may  be  feen- 


in  the  table,  p.  24.2. 

.The  chord  of  the  arc  through  which  the  barrel  afeended  in- 
its  recoil  was  meafured  by  a ribbon,  and  the  lengths  of  thofe 
chords/ exprefed  in  inches  and  decimal  parts  of  an  inch,  are 
fet  down  ih  the  tables.  The  method  of  computing  the  vek> 
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city  of  the  recoil  from  the  chord  of  the  arc  through  which  the 
barrel  afcended,  is  too  well  known  to  require  an  explanation  : 
and  it  is  alfo  well  known,  that  the  velocities  are  to  each  other 
as  the  chords  of  thofe  arcs.  The  lengths  of  thole  chords, 
therefore,  as  they  are  fet  down  in  the  tables,  are,  in  all  cafes, 
as  the  velocities  of  the  recoil. 

The  powder  made  ufe  of  in  thefe  experiments  was  of  the 
beft  kind,  fuch  as  is  ufed  in  proving  great  guns  at  Woolwich. 
A cartridge,  containing  12  lbs.  of  this  powder,  was  given  to 
me  by  the  late  General  desaguliers  of  the  Royal  Artillery, 
and  Infpe&or  of  Brafs  and  Iron  Ordnance ; who  alfo,  in  the 
politeft  manner,  offered  me  every  other  affiftance  in  his  power 
towards  completing  the  experiments  I had  projected,  or  in 
making  any  others  1 fhould  propofe  that  might  be  ufeful  in  the 
profecution  of  my  inquiries. 

This  powder  was  immediately  taken  out  of  the  cartridge, 
and  put  into  glafs  bottles,  which  were  previoufly  made  very 
clean  and  dry  ; and  in  thefe  it  was  kept  carefully  fealed  up  till  it 
was  opened  for  ufe.  When  it  was  wanted  for  the  experiments, 
it  was  weighed  out  in  a very  exaft  balance,  with  fo  much  atten- 
tion, that  there  could  not  poffibly  be  an  error  in  any  inftance 
greater  than  one  quarter  part  of  a grain.  The  bottles  were 
never  opened  but  in  fine  weather,  and  in  a room  that  was  free 
from  damp,  and  no  more  charges  of  powder  than  were  necef- 
fary  for  the  experiments  of  the  day  were  weighed  out  at  a time. 
Each  charge  was  carefully  put  up  in  a cartridge  of  very  fine 
paper,  and  thefe  filled  cartridges  were  kept  in  a turned  wooden 
box,  that  was  varnifhed  on  the  infide  as  well  as  the  outfide,  to 
prevent  its  imbibing  moifture  from  the  air. 

The  paper  of  which  thefe  cartridges  were  made  was  fo  fine 
and  thin,  that  1280  fheets  of  it  made  no  more  than  an  inch  in 

2 K 2 thicknefs, 
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thicknefs,  and  a cartridge  capable  of  containing  half  an  ounce 

of  powder  weighed  but  three  quarters  of  a grain. 

The  cartridges  were  formed  upon  a wooden-  cylinder,  and 
accurately  fitted  to  the  bore  of  the  piece,  and  the  edges  of  the 
paper  were  fattened  together  with  pafte  made  of  flour  and  water. 

When  a cartridge  was  filled,  the  powder  was  gently  fihaken 
together,  and  its  mouth  was  tied  up  and  fecured  w ith  a piece  of 
fine  thread  ; and  when  it  was  made  ufe  of  it  was  put  intire  into 
the  piece,  and  gently  pufhed  down  into  its  place  with  the  ram- 
rod, and  afterwards  it  was  pricked  with  a priming- wire  thruft- 
through  the  vent,  and  the  piece  was  primed  ; fo  that  no  part 
of  the  powder  of  the  charge  was  loft  in  the  a£t  of  loading,  as 
is  always-  the  cafe  when  the  powder  is  put  loofe  into  the  barrel : 
nor  was  any  part  of  it  expended  in  priming;  but  the  whole 
quantity  was  fafely  lodged  in  the  bottom  of  the  bore  or  cham- 
ber of  the  piece,  and  the  bullet  was  put  down  immediately 
upon  it,  without  any  wadding  either  between  the  cartridge 
and  the  bullet,  or  over  the  bullet. 

The  bullets  were  all  caft  in  the  fame  mould,  and  confe- 
quently  could  not  vary  in  their  weights  above  two  or  three 
grains  at  moft,  efpecially  as  I took  care  to  bring  the  mould  to  a 
proper  temperature  as  to  heat  before  I began  catting;  and  when 
leather  was  put  about  them*  or  other  bullets  than  thofe  of  lead 
were  made  ufe  of,  the  weight  was  determined  very  exaftly  before 
they  were  put  into  the  piece. 

The  diameter  of  the  bullet  was  determined  by  measurement 
and. alio  by  computation  from  its  weight,  and  the  fpecific  gra- 
vity of  the  metal  of  which  it  was  formed  ; and  both  thefe 
methods  gave  the  fame  dimenfions  very  nearly.. 

The  apparatus  was  put  up  for  making  the  experiments  in  a 
coach-houfe,  which  was  found  very  convenient  for  the  purpofe. 
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as  the  joifts  upon  which  the  floor  over  head  was  laid  afforded  a 
firm  and  commodious  fupport  for  fufpending  the,  pendulum  and 
the  barrel,  and  the  walls  and  roofs  of  the  building  Ferved  to 
fcreen  the  apparatus,  which  otherwife  might  have  been  difcom- 
pofed  by  the  wind,  and  injured  by  the  rain  and  dews..  A pair 
of  very  large  doors,  which  formed  the  whole  of  one  end  of 
the  room,  were  kept  conftantly  open  during  the  time,  the 
experiments  were  making,  in  order  to  preferve  the  purity  of  the 
air  within  the  houfe,  which  otherwife  would  have  been  much 
injured  by  the  fmoke  of  the  gun-powder  ; and  that,  in  all  pro- 
bability, would  have  had  a confiderable  effed  in  leflening  the 
force  of  the  powder*  and  vitiating  the  experiments.  In  order 
ftill  further  to  guard  againft  this  evil,  the  barrel  was  placed  as. 
near  as  poffible  to  the  door,  and  the  pendulum  was  hung  up  at 
the  bottom  of  the  room. 

Fig.  12.  reprefents  the  apparatus  as  it  was  put  up  for  making 
the  experiments. 

ciy  by  is  t]je  barrel  with  its  carriage,,  fufpended  by  the  pendu- 
lous rods  Cy  dj  and 

R,  is  the  ribbon  which  ferved  to  meafure  the  afcending  arc 
of  its  recoil. 

P,  is  the  pendulum,  and 

r,  the  ribbon  that  meafured  the  arc  of  its  vibration. 

The  diftance  from  the  mouth  of  the  piece  to  the  pendulum 
was  juft  12  feet.. 
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A table  /hewing  the  weights  and  dimenjions  of  all  the  principal 

parts  of  the  apparatus . 


Of  the  barrel . 


Inches* 

44,7 

43>45 


Length  of  the  bore  from  the  muzzle  to  the  breech-pin 
Diameter  of  the  bore 
Thicknefs  of  metal  at  the  lower  vent 
Thicknefs  of  metal  at  the  muzzle 
Weight  of  the  barrel,  together  with  the  folid  breech-pin,  and 
the  vent-fcrews  and  vent-tube,  6 lbs.  6 oz. 


0,78 

0,36 

0,1 


Of  the  gun  carriage . 

Length  ••  . . . * 28,4 

Diftance  between  the  two  pair  of  trunnions  » 25,6 

Diameter  of  each  trunnion  . ♦ * 0,25 

Weight  40  lbs.  I4  0Z* 

Of  the  rods  by  which  the  carriage  was  fufpended. 

Length  from  the  axis  of  fufpenfion,  or  center  of  the  pivots,  to 
the  center  of  the  trunnions  of  the  gun  carriage,  64  inches. 
Weight  of  each  rod,  1 lb.  4 oz. 

Total  weight  of  the  barrel  and  its  carriage,  together  with  the 
allowance  that  was  made  for  the  weight  of  the  rods  by  which 
it  was  fufpended,  48  lbs. 

N.  B.  This  was  its  weight  from  experiment  Ne  3.  to  experi- 
ment N°  123.  inclufive. 
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Of  the  Bullet . 

Diameter  0,75  of  an  inch* 
Weight  in  lead  580  grains* 

Of  the  pendulum . 


Indies. 


Total  length  of  the  pendulum  from  the  axis  of  fufpen*- 
lion  to  the  bottom  of  the  circular  plate  . 69,5 

Diameter  of  the  circular  plate  to  which  the  targets  were 
fattened  . ...  . * j ^ . 

Diftance  between  the  fhoulders  of  the  pivots  .. 


Diameter  of  the  pivots 


2,® 


Weight  of  the  iron  part  of  the  pendulum  47  lb.  4 oz. 


,2J 


Of  the  pendulum  with  the  targets  fixed  to  it,  as  it  was  prepared 
for  making  the  experiments,  and  numbered, .» 


Total 
length 
to  the 
ribbon. 

Diftance  from  the  axis  of 
fufpenfion. 

Total 
weight  of 
iron  and 
wood. 

To  the  center 
of  gravity. 

To  the  center 
of  ofcillation. 

Indies. 

Inches. 

Inches, 

lbs.  oz. 

Pendulum.  N°  i 

69>25 

5°>25 

58,45 

57  ° 

NQ  2 

69-5 

54,4 

59>J5 

§2  4 

N°  3 

— 

SSM 

60,23 

100 12 

• N°4 

54  6 

59,18  I 

88  4 

N.  B.  The  meafure  is  Englifh  feet  and  inches,  and  the 
weight,  is  avoirdupois. 
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Having  now  gone  through  the  defcription  of  all  the  prin- 
cipal parts  of  the  apparatus,  I fhall  proceed  to  give  an  ac- 
count of  the  experiments.  And  as  it  may  be  fatisfaftory  to 
the  Society  to  fee  the  method  of  conducting  thefe  enquiries,  as 
well  as  the  refult  of  them,  I fhall  firfl:  give  a table  of  the  expe- 
riments in  the  exa£t  order  in  which  they  were  made,  together 
with  my  original  remarks ; I fhall  theii  make  fuch  general  ob- 
fervations  as  may  occur  : and  afterwards  I fhall  feledt,  combine, 
and  compare  them* -in  the-,  manner  wrhich  beft  anfwers  the  dif- 
f^rc&t  purpofes  to  which  I fhall  apply  them, 

mow  rioirtw  ' * ' ' /; ij  m • to  *<  • • J 
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General  table  of  the  experiments . 

la  the  two  fir  ft  experiments  the  barrel  was  fixed  to  a carriage 
(that  has  not  been  defcribed)  which,  together  with  the  barrel 
and  rods  by  which  it  was  fufpended,  weighed  only  23J. 

Length  of  the  bore  of  the  piece  43,5  inches. 

Weight  of  the  bullet  580  grains. 

The  pendulum,  N*  1. 


Order  of  the  trxpe* 
riments. 

The 

charge  of 
powder. 

Vent  from  the  bot- 
tom of  the  charge. 

0 

Chord  of  the  amend- 
ing arc  of  the  pen- 
dulum. 

The  bullet  llruck  the 
target  below  the  axis 
of  the  pendulum. 

| Chord  of  the  arc  of 
the  recoil. 

Velocity  of  the 
bullet. 

Remarks. 

Weight. 

1 Height. 

N°  1 
2 

Grs* 

In. 

In. 

Inches. 

Inches. 

In. 

Ft.in 

Sec. 

Firft  day. 

208 

i,8 

O, 

>5 

I3>2 

H>5 

64.5 

• • • 

33.5 

36>5 

1267 
1 399 

This  gun  carriage  being  found  to  be  too  light,  the  other, 
defcribedy  and  reprefentedfig.  8,  was  fubftituted  in  the  room  of 
it. 
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Order 
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1 

der  of  the  expe- 
riments. 

T 

char 

pow 

■>-> 

* o3 

he 

ge  of 
der. 

4-> 

JZ 

bp 

nt  from'  the  bot- 
m of  the  charge. 

ord  of  the  afcend- 
ig  arc  of  the  pen- 
,1  lum. 

ie  bulletftruck  the 
get  below  the  axis 
the  pendulum. 

ord  of  the  arc  of 
the  recoil. 

Velocity  of  the 
bullet. 

Remarks. 

5 

£ 

<u 

UJ 

OJ  c 
>• 

SZ,  u _~ 

CJ’~ 

u , 

-Sc 

U 

Grs. 

In. 

fn. 

Inches. 

Inches. 

Inches. 

Pt.in 

fee. 

N°  5 

208 

i,8 

0 

12,6 

65? 

17,8 

1213 

Second  day. 

■4 

• • 

• • 

>5 

• 

18,5 

— 

The  pendulum  gave 

way. 

5 

« . 

• « 

0 

- — 

38,68 

— 

4 bullets  were  fired  ; 

at  once. 

6 

, , 

• • 

>5 

38,48 

— 

Ditto. 

' 7 

• • 

. * 

0 

6,1 

— 

Without,  any  bullet. 

8 

416 

3>6 

. 





16,5 

— 

Ditto. 

9 

208 

1,8 

O 

8,5 

65> 

17,69 

1281 

Pen.  N°2;  very  fair; 

3d  day. 

10 

104 

>9 

• *•  • ‘ 

5,2 

65.25 

10,18 

782 

1 1 

3IQ 

2,7 

O 

9,6 

64,6 

24,69 

H59 

12 

• • 

1,22 

10,1 

0 

65. 

24)95 

1527 

The  nowder  was 

lighted 

; 23 

14 

33° 

2,9 

2,65 

2,-65 

11,85 

10,9 

10,9 

64.75 

65.25 

61,5 

24)9 

26,2 

r 801 
1646 
1748 

1 i vT! 

^ by  the  long  vent-tube 

, (%•  4-)- 

l6 

. . 

. . 

*3>25 

63.5 

. . . 

2060 

J 

17 

33° 

2)7 

2,65 

12,7 

. . 

The  barrel  very  much  heated. 

18 

. . 

2,9 

O 

10  A* 

63.5 

26,3 

1619 

.1  ..  ' — j — 

I9 

. . 

. . 

. • 

• • • 

63, 

26,^ 

1633 

■ 20 

i,45 

0 

! 6,8 

62,2 

H)73 

1084 

21 

6,85 

• • • 

14)2 

io93 

22 

• • 

• « 

;.r>32 

6,7 

• • • 

14)8 

107 1 

•'23 

• . 

J c 

. . 

6 3 

60,6 

i4)58 

I035 

r The  fhort  vent-tube  (v. 

! ,'.24) 

h 5 

■ 01.5 

14,68 

1 142 

\ fig.  3. ) was  made 

ufe  of.  r 

In  order  to  determine  how  much  of  the  force  of  the  powder 
was  loft  by  windage  and  by  the  vent,  oiled  leather  was  faftened 
round  the  bullet,  fo  that  it  now  accurately  fitted  the  bore  of 
the  piece;  and  in  the  five  experiments,  from  N°  35.  to  N°  39. 
inclufive,  the  valve- vent  was  made  ufe  of. 

Weight  of  the  bullet,  together  with  the  leather  in  which  it 
was  enveloped,  603  grains. 
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<u 

w 

u J! 

The 

charge  of 
powder. 

the  Re- 
charge. 

1 1 

-a  a 

C <Ll 

<u  a, 

je  v 

n*  JP 

CJ 

1 he  bullet-ftruck  the 
target  below  the  axis 
of  the  pendulum. 

0 

u 

(L)  'o' 

<D 
4— 1 

0 ^ 

W cu 

Order  ot  tl 

rimen 

Weight. 

i 

I Height. 

. — 

0 

3 £ 

CJ  O 

Chord  of  tli 
i ng  arc  of 
dul  urn. 

Chord  of  ti- 
the rec 

*0  ^ 
jo 

<u  ' 

> 

Remarks. 

1SJ° 

Grs. 

In. 

tn. 

inches. 

Inches. 

Inches. 

F't.inj 

fee. 

25 

165 

1 ,45 

0 

6,8 

65. 

H,95 

1004 

Fourth  day. 

26 

7>8 

. O . 

15*6 

1 153 

27 

B,05 

• • • 

16,15 

r J92 

28 

33° 

2,9 

. . 

10,2 

63> 

26, 

1559 

29 

2,6 

• • • 

64, 

28,1 

1536 

3° 

165 

3’2 

• • 

9 

62,4 

x3>2 

9X4 

31 

• • 

H45 

C3 

6,65 

62,6 

15^5 

1027 

Finding  that  the  blaft  of  the  powder  always  reached  as  far  as 
the  pendulum,  whep  large  charges  were  made  ufe  of,  and  fufi- 
pecting  that  this  circumftance,  together  with  the  impulfe  of 
the  unfired  grains,  might  in  a great  meafure  occafion  the  appa- 
rent irregularity  in  the  velocities  of  the  bullets ; to  remedy 
thefe  inconveniences,  a large  fheet  of  paper  of  a moderate 
thicknefs  was  ftretehed  upon  a fquare  frame  of  wood,  and  iiir 
terpofed  as  a fereen  before  the  pendulum  at  the  diftance  of  two 
feet  from  the  furface  of  the  target. 

Two  reafons  confpired  to  induce  me  to  prefer  this  method  of 
preventing  the  impulfe  of  the  flame  upon  the  pendulum  to  the 
obvious  one  of  removing  the  pendulum  further  from  the  mouth 
of  the  piece  ; the  firft  was,  that  I was  unwilling  to  increafe  the 
diftance  between  the  barrel  and  the  pendulum,  left  the  refiftance 
of  the  air  might  affedt  the  velocities  of  the  bullets ; and  the 
fecond,  which  I confefs  did  not  operate  lefs  ftrongly  than  the 
firft,  was,  that  the  length  of  the  fioufe  did  not  admit  of  a greater 

2 1/  % diftance, 
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diftance,  and  I was  unwilling  to  expofe  any  part  of  the  appa- 
ratus in  the  open  air. 

But  the  fcreen  was  found  to  anfwer  perfectly  well  the  pur- 
pofe  for  which  it  was  defigned,  and  it  was  continued  during  the 
remainder  of  the  experiments,  the  paper  being  replaced  every 
third  or  fourth  experiment. 


"The  experiments  continued. 


X) 

Cu 

X 

V 

«■  £ 
X c 

w X> 

^ a 
o 


O 


N( 

32 

33 

34j 

35 

36 
3^ 
381 
39 


The 

charge  of 
powder. 


tn 

’<5 


Grs. 


165 


290 


x 

ta 

X 


o £■- 

r>  tr 


4> 


S J5 


c S 
u o 


In. 


1 >45 


2,6 


In. 


i»3 

2,6 


■O  G 
C <U 

<u  cu 

3 u 

_G 

4J  w 


2 ^ a 

5-^ 


Inches, 


ro  x ,-* 
« rt  2 

"S  — a 

1 * s 

^ o&- 

’~QJ  o 

s-f  ^ 

o 

-MO 


Inches. 


5>45 


7j9 

7> 

7 >4 
8, 
9> 


o 

o 

rt  ~ 
9J  O 
w <u 


O 

-C 

U 


Inches. 


63> 


60,25 

62^ 

61, 

58,6 


i5>45 
!2,6 5 

15.45 

15.25 

i&>3 

17,9 

2 3,5 
24.8 


O *- 

(U 

- P 

o-° 

>U 

> 


Ft. in 
fee. 


839 

839 

1217 

1129 

1161 

I277 

1497 


Remarks. 


Not  lcatheied ; weight  of  the 
bullet  and  wad  603  grs.  In  exp 
3S°  32.  uo  lefs  than  40  large  grs 
of  unfired  powder  were  driven 
through  the  fcreen. 

In  thefe  6 experiments  the 
bullets  were  leathered, 
and  the  powder  was 
lighted  by  the  valve- 
vent. 

The  pend.  N°  2.  ruined. 


The  bullets  Were  now  put  naked  into  the  piece,  and  the 
powder  was  lighted  by  the  fhort  vent-tube  (a;,  fig.  3 ) and  fome 
little  improvement  was  made  in  the  fteel  edges  between  which 
the  ribbons  paffed  that  ferved  to  meafure  the  afeending  arcs  of 
the  pendulum  and  of  the  recoil,  by  which  means  the  friftion 
was  leflened,  and  the  ribbon  was  prevented  from  twifting  or 
entangling  itfelf  as  it  was  drawn  out* 
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Apparatus . 


The  barrel  with  its  carriage  as  before. 

The  pendulum,  N°  3.  and 

Leaden  bullets,  weighing  580  grains  each. 


1 

V 

Ou 

X 

The 

charge  of 

0 J 

T3  C 
C <L> 

u a. 

°r- 

rt  x • 

w « E 

V4-. 

cr 

v 

V 

fl) 

Si  c 

powder. 

0 rt 

73 

<•-  0 
rt  ja 
<L> 

-C  <U  J? 
-c  3 
*-* 

V-  . 

ru 
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0 d 
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»- 

-O 

U4 

0 

Weight. 

Height. 

<-<  (U 

0 ~ 
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6,45 

64,6 

is, 
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f 5th  day;  medium  velo- 
^ city  in  thefe  experiments! 
L and  N°  47.  1223. 
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1 
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I»3I 

I 1 , 1 2 

— 

j lit  thefe  4 experiments  the  piece 

59 

1,2 

I 1,62 



1 was  fired  with  powder  alone,  and 
j the  fereen  was  taken  away  from 

60 

0 

I,l6 

9,62 

— 

61 

b3 

0,6 

n,33 

— 

J before  the  pendulum. 
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[ Medium  velocity  1528. 
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| Medium  velocity  1594. 
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6,82 

64, 

19.56 
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The  powder  was  rammed  very  hard. 
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• • 

6,6 

64,6 

18,2 

I294 

Ditto  much  harder. 

70 

• , 

• • 

6,85 

. . . 

19,12 

*345 

Ditto  as  hard  as  in  N°  68. 

71 

• • 

H3 

5,5 

• • • 

l6>33 

108c 

Ditto,  ditto. 

72 

• • 

0 

8,72 

— 

Government  powder,  no  bullet. 

73 

• • 

. . 

8,44 

— 

Beft  double  battle  powder. 

74 

• ft 

H3 

— 



8,47 

Government  povyder. 

75 

1 

9,3 

— 

Double  battle  powder.  j 

The  following  experiments  N°  78,  79,  80,  and  81.  were 
made  in  hopes  of  being  able  to  dilcover  a method  of  adding  to 
the  force  of  gun-powder.  Twenty  grains  of  the  fubftances 
mentioned  in  the  remarks  upon  each  experiment  were  inti- 
mately mixed  with  the  powder  of  the  charge.  In  the  experi- 
ment N°  82.  a large  wad  of  tow,  well  foaked  in  etherial  Jfpirit 
of  turpentine,  was  put  into  the  piece  immediately  upon  the 
bullet : and  in  the  experiment  N°  83.  a wad,  foaked  in  alkohol, 
was  put  into  the  piece  in  like  manner. 
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! \ 7th  day  ; medium  velo- 
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. . 

... 

64,6. 

1 3r25 
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■J  city  1040. 
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20  grs.  belt  alkaline  fait  of  tartar. 
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1 1,68 

20  grs.  aethiops  mineral. 
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f The  ferews  wli'dh  hel'd'  the  hooks 
j hy  which  tile  pentlulum  was  fuf- 
| j pended  gave  way,  and  the  pen- ■ 
1 L dulum  came  dawn. 
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• * 

1 

In  the  nine  following experiments-  viz.,  from  N°  84.  to  N° 
92.  inchifive,  the”  valve- vent  was  made  nfe  of,  and- the  bullets 
were  made  to  fit  the  bore  of  the  piece  very  exadtly  by  means  of 
oiled  leather,  which  was  fo.  firmly  faffiened  about  them  that  in 
each  experiment  it  entered  the  target  with  the  bullet. 

The  bullet  made  ufe  of  in  experiment  N°  85.  was  of  wood, 
Thofeufedin  the  experiments  N°  86;  and  N°  87.  were  formed 
in  the  following  manner  ; a fmall  bullet;  was  caft  of  plaifier  of 
Paris,  which  being  thoroughly  dried,  and  well  heated  at  the 
fire,  was  fixed  in  the  center  of  the  mould  that  ferved  for  calling 
all  the  leaden  bullets  made  ufe  of  in  thefe  experiments ; and 
melted  lead  being  poured  into  this  mould,  the  cavity  that  fur- 
rounded  the  fmall  plaifter  bullet  was  intirely  filled  up,  and  a 
bullet  was  produced,  which  to  the  eye  had  every  appearance  of 
folidity,  but  was  as  much  lighter  than  a folid  leaden  bullet  of 

the.; 
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the  fame  diameter  as  the  plaifter  bullet  was  lighter  than  a leaden 

bullet  of  the  fame  fize. 

In  the  experiments  N°  88.  and  N°  89.  folid  leaden  bullets 
were  madeufe  of.  In  the  experiment  N°  90.  two  bullets  were 
difcharged  at  once;  in  the  experiment  N°  91.  three  ; and  in  the 
experiment  N°  92.  four  were  ufed. 

In  each  of  thefe  experiments  a frefh  fheet  of  paper  was  made 
ufe  of  as  a fcreen  to  the  pendulum,  in  order  that  the  velocities 
of  the  bullets  might  be  meafured  more  accurately ; and  alfo, 
that  the  quantity  of  unfired  powder  might  be  eftimated  with 
greater  precifion. 
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Remarks, 


Sth  day ; in  each  of  thefe  4 
experiments  from  50  to 
70  granule  or  particles  of 
unfired  powder  were  dri- 
ven through  the  fcreen. 

}Very  few  unfired  grains  of 
powder  llruck  the  fcreen 

There  were  no  marks  of 
any  unfired  powder  hav- 
ing reached  the  fcreen. 
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In  the  feven  following  experiments  the  piece  was  fired  with 
powder  only. 
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The  fcreen  was  taken  away. 

C The  whole  furface  of  the  target  was  befpat^ered 
\ with  unfired  grains  of  powder. 
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In  the  following  experiments  N°  100.  and  N°  101.  the  bul- 
lets were  not  put  down  into  the  bore,  but  were  fupported  by- 
three  wires,  which  being  faftened  to  the  end  of  the  barrel  pro- 
jefted  beyond  it,  and  confined  the  bullet  in  fuch  a fituation  that 
its  center  was  in  a line  with  the  axis  of  the  bore,  and  its  hinder 
part  was  one-twentieth  of  an  inch  without  or  beyond  the 
mouth  of  the  piece. 

In  experiment  N°  102.  the  bullet  was  juft  ftuck  into  the  bar- 
rel in  fuch  a manner  that  near  one-half  of  it  was  without  the 
bore. 
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-In  each  of  thefe  experim. 
near  TVth  part  of  the  fub- 
ftance of  the  bullet  was 
melted  and  blown  away  by 
.the  impulfe  of  the  flame. 

All  that  part  of  the  bullet  which  lay  towards  the  bore  of 
the  piece  appeared  to<be  quits  flat  from  the  lofs  of  fubftance  it 
had  fuftained  ; and  its  furface  was  full  of  fmall  indents,  which 
probably  were  occalioned  by  the  unfired  grains  of  powder  that 
impinged  again#  it. 
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The  following  experiments  were  made  with  the  pendulum 
N°  4.  The  reft  of  the  apparatus  as  before. 
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Of  the  method  made  ufe  of  for  computing  the  velocities  of  the 

bullets. 

As  the  method  of  computing  the  velocity  of  a bullet  from 
the  arc  of  the  vibration  of  a pendulum  into  which  it  is  fired  is 
fo  well  known,  I fhall  not  enlarge  upon  it  in  this  place,  but 
fhall  juft  give  the  theorems  that  have  been  propofed  by  different 
authors,  and  fhall  refer  thofe  who  wifh  to  fee  more  on  the  fub- 
je£t  to  Mr.  Robins’s  New  Principles  of  Gunnery  ; to  Profeflor 
euler’s  Obfervations  upon  Mr.  robins’s  Book  ; and,  laftly,  to 
Dr.  hutton’s  Paper  on  the  initial  Velocities  of  Cannon  Balls, 
which  is  publifhed  in  the  Tranfa&ions  of  the  Society  for  the 
year  1778. 

If  a denote  the  length  from  the  axis  of  the  pendulum  to  the 
ribbon  which  meafures  the  chord  of  the  arc  of  its  vibration  ; 

g , the  diftance  of  the  center  of  gravity  below  the  axis ; 
f the  diftance  of  the  center  of  affiliation  ; 

h , the  diftance  of  the  point  ftruck  by  the  bullet ; 

c , the  chord  of  the  afcending  arc  of  the  pendulum  ; 

P,  the  weight  of  the  pendulum  ; 

b , the  weight  of  the  bullet,  and 

v,  the  original  velocity  of  the  bullet , 


v=  C-  K-fb  + J x a ^eorem  for  finding  the  velocity 

upon  Mr.  robins’s  principles. 

= - x y-  -f  x \j^y  is  the  theorem  propofed  by  Pro- 

feffor  euler,  who  has  corrected  a fmall  error  in.  Mr.-  robins’s 
method ; and 


* Put  the  rational  part  — X — ^ -|r 

r a bb  2/ 


~ nr  and  exp  refs  /in  the  thoufandth 
parts  of  a Rhynland  foot ; then  the  velocity  with  which  the  ball  ftrikes  the  pendu* 


lum  will  be 


4^2- 


Rhynland  feet  in  a fecond*. 
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* v ==  5,672  egs/f x — ^ is  Dr.  hutton’s  theorem,  which  is 

fufficiently  accurate,  and  far  more  fimple.  and  expeditious  than 
either  of  the  preceding.  It  is  to  be  remembered,  that  g,  h , 
and  c,  may  be  expreffed  in  any  meafure  ; but  f muft  be  Engliftt 
feet,  and  v will  be  the  velocity  of  the  bullet  in  Englifh  feet  in 
a fecond. 

The  velocities  of  the  bullets  in  moft  of  the  foregoing  expe-: 
riments  were  firft  computed  by  euler’s  method,  as  I had  not 
t,hen  feen  Dr.  hutton’s  paper  ; but  in  going  over  the  calcula- 
tions a fecond  time,  I made  ufe  of  Dr.  hutton’s  theorem. 
Both  thefe  methods  gave  the  fame  velocity  very  nearly,  but  the 
Doctor's  method  is  by  much  the  eafieft  in  practice. 

In  thefe  computations  care  was  taken  to  make  a proper  allow- 
ance for  the  bullets  that  were  lodged  in  the  pendulum,  and  alfo 
for  the  velocity  loft  by  the  bullet  in  palling  through  the  fcreen. 

The  corrections  neceffary  on  account  of  the  bullets  lodged  in 
the  pendulum  were  made  in  the  following  manner. 
b was  continually  added  to  the  value  of  P, 

x b . ♦ .to  the  value  of  g*  and 

x b . . . to  the  value  of  f 

Of  the  /paces  occupied  by  the  different  charges  of  powder . 

The  heights  of  the  charges  of  powder,  or  the  lengths  of 
the  fpaces  which  they  occupied  in  the  bore,  were  determined 
by  meafurement  \ and  in  order  that  this  might  be  done  with 
greater  accuracy,  inches  and  tenths  of  inches  were  marked 
upon  the  ram-rod,  and  the  charge  was  gently  forced  down  till  it 
occupied  the  fame  fpace  in  each  experiment. 

The  following  table  fhews  the  heights  of  the  charges  as  they 
were  determined  by  meafurement,  and  alfo  their  heights  com- 
puted 
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puted  from  the  diameter  of  the  bore  of  the  piece,  and  the  fpe- 
cific  gravity  of  the  powder  that  was  made  ufc  of. 

N.  B.  By  an  experiment  I fhallgivean  account  of  hereafter, 
I found  the  fpeeific  gravity  of  this  powder  fhaken  well  together 
to  he  to  that  of  rain  water  as  0,937  is  to  1,000. 

In  the  experiment  N°  30.  the  pow- 
der was  put  into  a cartridge  fo  much 
fmaller  than  the  bore  of  the  piece,  that 
the  charge,  inftead  of  occupying  1,45 
inches,  extended  3,2  inches.  By  this 
difpofition  of  the  powder,  its  action 
upon  the  bullet  appears  to  have  been 
very  much  diminilhed. 


Of  the  effeB  that  the  heat  which  pieces  acquire  in  firing  produces 

upon  the  force  of  powder . 

It  is  very  probable,  that  the  excefs  of  the  velocity  of  the 
bullet  in  the  fecond  experiment  over  that  of  the  firft  was  occa- 
lioned  more  by  the  heat  the  barrel  had  acquired  in  the  firft 
experiment  than  by  the  pofition  of  the  vent,  or  any  other 
circumftance ; for  I have  fmce  found,  upon  repeated  trials,  that 
the  force  of  any  given  charge  of  powder  is  confiderably  greater 
when  it  is  fired  in  a piece  that  has  been  previoufly  heated  by 
firing,  or  by  any  other  means,  than  when  the  piece  has  not  been 
heatec}.  Every  body  that  is  acquainted  with  artillery  knows, 
that  the  recoil  of  great  guns  is  much  more  violent  after  the 
fecond  or  third  difcharge  than  it  is  at  firft  ; and  on  ftiip-board, 

where 


; Weight  Height  of  the  charge. 

of  the 
powder. 

j 

iMeafured. 

Computed. 

Grs.  ;j 

Inches. 

Inches. 

,*94*  l 

0 >9 

0,8957 

1,2490 

165  < 

*>45 

1,4211 

208 

jA 

*>79*4 

218 

*>9 

1.8775 

290 

2,6 

2,4980 

31° 

2,7 

2,6700 

33° 

2>9 

2,8422 

416 

. 3>6 
3’9V 

3^5828 

437  i 
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where  it  is  neceflary  to  attend  to  the  recoil  of  the  guns,  in 
order  to  prerent  very  dangerous  accidents  that  might  be  occa- 
fioned  by  it,  the  conftant  practice  has  been  in  our  navy,  and,  I 
believe,  on  board  the  fhips  of  all  other  nations,  to  lefien  the 
quantity  of  powder  after  the  firft  four  or  five  rounds  i our  32 
pounders,  for  inftance,  are  commonly  fired  with  14  lbs-,  of 
powder  at  the  beginning  of  an  action,  but  the  charge  is  very 
loon  reduced  to  1 1 lbs.  and  afterwards  to  9 lbs.,  and  the  filled 
cartridges  are  prepared  accordingly. 

By  the  recoil  it  fhould  feem,  that  the  powder  exerted  a greater 
force  alfo  in  the  fourth  experiment,  being  the  fecond  upon  the 
fecond  day,  than  it  did  upon  the  third,,  or  the  firft  upon  that 
day  ; but  the  pendulum  giving  way,  it  was  not  poffible  to  com- 
pare the  velocities  of  the  bullets  in  the  manner  we  did  in  the 
two  experiments  mentioned  above. 

This  augmentation  of  the  force  of  powder,,  when  it  is  fired 
in  a piece  that  is  warm,  may  be  accounted  for  in  the  following 
manner.  There  is  no  fubftance  we  are  acquainted  with  that 
does  not  require  to  be  heated  before  it  will  burn  y even  gun- 
powder is  not  inflammable  when  it  is  cold..  Great  numbers  of 
fparks  or  red-hot  particles  from  the,  flint  and  fteel  are  frequently 
feen  to  light  upon  the  priming  of  a mufket,  without  fetting 
fire  to  the  powder,,  and  grains  of  powder  may  be  made  to  pafs 
through  the  flame  of  a candle  without  taking  the  fire ; and 
what  is  ftill  more  extraordinary,  if  large  grains  of  powder  are 
let  fall  from  the  height  of  two  or  three  feet  upon  a red-hot 
plate  of  iron,,  laid  at  an  angle  of  about  45°  with  the  plane  of 
the  horizon,  they  will  rebound  intire  without  being  burnt,  or 
in  the  leaft  altered,  by  the  experiment..  In  all  thefe  cafes  the 
fire  is  too  feeble,  or  the  duration  of  its  aSIon  is  not  fufEciently 
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long  to  heat  the  powder  to  that  degree  which  is  neceffary  in 

order  to  its  being  rendered  inflammable. 

Now  as  gun-powder,  as  well  as  all  other  bodies,  acquires 
heat  by  degrees,  and  as  fome  fpace  of  time  is  taken  up  in  this 
as  well  as  in  all  other  operations,  it  follows,  that  powder,  which 
has 'been  warmed  by  being  put  into  a piece  made  hot  by  repeated 
firing,  is  much  nearer  that  ftate  in  which  it  will  burn,  or,  I 
may  fivf,  is  rriore  inflammable  than  powder  which  is  cold ; con- 
fequently,  more  of  it  will  take  fire  in  a given  fhort  fpace  of 
time, hand  its  adtion  upon  the  bullet  and  upon  the  gun  will  of 
coined  he  greater. 

The  heat  of  the  piece  will  alfo  ferve  to  dry  the  air  in  the 
bore,  and  to  clear  the  infide  of  the  gun  of  the  moifture  that 
collects  there  when  it  has  not  been  fired  for  fome  time,  and 
thefe  circumftances  doubtlefs  contribute  fomething  to  the  quick- 
nefs  of  the  inflammation  of  the  powder,  and  confequently  to 
its  force. 

As  it  takes  a longer  time  to  heat  a large  body  than  a fmalt 
one,  it  follows,  that  meal-powder  is  more  inflammable  than 
that  which  is  grained  ; and  the  fmaller  the  particles  are,  the 
quicker  they  will  take  fire.  The  failors  bruife  the  priming 
after  they  have  put  it  to  their  guns,  as  they  find  it  very  diffi- 
cult, without  this  precaution,  to  fire  them  off  with  a match  s 
and  if  thofe  who  are  fond  of  fporting  would  make  ufe  of  a 
iimilar  artifice,  and  prime  their  pieces  with  meal-powder,  they 
would  mifs  fire  lefs  often,  the  fprings  of  the  lock  might  be 
made  more  tender,  and  its  fize  coniiderably  reduced  without 
any  rifque,  and  the  violence  of  the  blowr  of  the  flint  and  fteel 
in  ftriking  fire  being  lefiened,  the  piece  might  be  fired  with 
greater  precifion. 

3 Concluding 
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Concluding  from  the  refult  of  the  four  experiments  men- 
tioned above,  as  well  as  from  the  reafons  juft  cited,  that  the 
temperature  of  the  piece  has  a confiderable  effedl  upon  the  force 
of  the  powder,  I afterwards  took  care  to  bring  the  barrel  to  a 
proper  degree  of  heat,  by  firing  it  once  or  oftener  with  powder 
each  time  I recommenced  the  experiments  after  the  piece  had 
been  left  to  cool. 


Of  the  manner  in  which  pieces  , acquire  heat  in  firing . 

I was  much  furprifed  upon  taking  hold  of  the  barrel  imme- 
diately after  the  experiment  N°  1 7.  when  it  was  fired  with  330 
grains  of  powder  without  any  bullet,  to  find  it  fo  very'  hot  that 
I could  fcarcely  bear  it  in  my  hand,  evidently  much  hotter  than 
I had  ever  obferved  it  before,  notwithstanding  the  fame  charge 
of  powder  had  been  made  ufe  of  in  the  two  preceding  experi- 
ments, and  in  both  thefe  experiments  the  piece  was  loaded 
with  a bullet,  which  one  would  naturally  imagine,  by  confining 
the  flame,  and  prolonging  the  time  of  its  adtion,  would  heat 
the  barrel  much  more  than  when  it  was  fired  with  powder 
alone. 

I was  convinced  that  I could  not  be  miftaken  in  the  fa£t,  for 
it  had  been  my  conftant  pradtice  to  take  hold  of  the  piece  to 
wipe  it  out  as  foon  as  an  experiment  was  finifhed,  and  I never 
before  had  found  any  inconvenience  from  the  heat  in  holding  it. 
But  in  order  to  put  the  matter  beyond  all  doubt,  after  letting 
the  barrel  cool  down  to  the  proper  temperature,  I repeated  the 
experiment  twice  with  the  fame  charge  of  powder  and  a bullet ; 
and  in  both  thefe  trials  (experiments  N°  18.  and  N°  19.)  the 
heat  of  the  piece  was  evidently  much  lefs  than  what  it  was  in 
the  experiment  above  mentioned  (N°  17.). 

Vol.  LXXL  2 N 
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I now  regretted  exceedingly  the  lofs  of  a fmall  pocket  ther- 
mometer, which  I had  provided  on  purpofe  to  meafure  the 
heat  of  the  barrel,  but  it  was  accidentally  broken  by  a fall  the 
day  before  I began  rny  experiments  ; and  being  fo  far  from 
London,  l had  it  not  in  my  power  to  procure  another  : I was 
therefore  obliged  to  content  myfelf  with  determining  the  heat 
of  the  piece  as  well  as  I could  by  the  touch. 

Being  much  {truck  with  this  accidental  difcovery  of  the  great 
degree  of  heat  that  pieces  acquire  when  they  are  fired  with 
powder  without  any  bullet,  and  being  defirous  of  finding  out 
whether  it  is  a circumftance  that  obtains  univerfally,  I was 
very  attentive  to  the  heat  of  the  barrel  after  each  of  the  fuc- 
eeeding  experiments ; and  I conftantly  found  the  heat  fenfibly 
greater  when  the  piece  was  fired  with  powder  only,  than  when 
the  fame  charge  was  made  to  impel  one  or  more  bullets. 

Though  the  refult  of  thefe  experiments  was  totally  unex- 
pected, and  even  contrary  to  what  I fhould  have  foretold  if  I 
had  been  afked  an  opinion  upon  the  fubjeft  previous  to  making 
them ; yet,  after  mature  confederation,  I am  now  convinced* 
that  it  is  what  ought  to  happen,  and  that  it  may  be  accounted 
for  very  well  upon  principles  that  are  clearly  admiflible. 

It  is  certain,  that  a very  fmall  part  only  of  the  heat  that  a 
piece  of  ordnance  acquires  in  being  fired  is  communicated  to  it 
by  the  flame  of  the  powder;  for  the  time  of  its  aCtion  is  fo 
fhort  -(not  being,  perhaps,  in  general  longer  than  about -4 ^.th 
or  -A-^th  part  of  a fecond)  that  if  its  heat,  inftead  of  being  4 
times,  as  Mr.  robins  fuppofes,  was  400  times  hotter  than  red- 
hot  iron,  it  could  not  fenfibly  warm  fo  large  a body  of  metal 
as  goes  to  form  one  of  our  large  pieces  of  cannon.  And  be- 
lides,  if  the  heat  of  the  flame  was  fufficiently  intenfe  to  pro- 
duce fo  great  an  effeCf  in  fo  fhort  a time,  it  would  certainly  be 
4 fufficient 
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fufficient  to  burn  up  all  inflammable  bodies  that  it  came  near, 
and  to  melt  the  (hot  that  it  furrounded  and  impelled,  efpecially 
when  they  werefmall,  and  were  compofed  of  lead  or  any  other 
foft  metal ; but,  on  the  contrary,  we  frequently  fee  the  fin  eft 
paper  come  out  of  the  mouth  of  a piece  uninflamed,  after  it 
has  fuftained  the  adtion  of  the  fire  through  the  whole  length  of 
the  bore,  and  the  lmalieft  lead  {hot  is  difcharged  without  being 
melted. 

But  it  may  be  objected  here,  that  bullets  are  always  found  to 
be  very  hot  if  they  are  taken  up  immediately  after  they  come 
out  of  a gun  ; and  that  this  circumftance  is  a proof  of  the  intern 
fityof  the  heat  of  the  flame  of  powder,  and  of  its  great  power 
of  communicating  heat  to  the  denfeft  bodies.  But  to  this  I 
anfwer,  I have  always  obferved  the  fame  thing  of  bullets  dift 
charged  from  wind-guns  and  crofs^bows,  efpecially  when  they 
have  impinged  againft  any  hard  body,  and  are  much  flattened  ; 
and  bullets  from  mufkets  are  always  found  to  be  hotter  in  pro- 
portion to  the  hardnefs  of  the  body  againft  which  they  are 
fired.  If  a mufket  ball  is  fired  into  any  very  foft  body,  as  (for 
inftance)  into  water,  it  will  not  be  found  to  be  fenfibly  warmed  ; 
but  if  it  is  fired  againft  a thick  plate  of  iron,  or  any  other  body 
that  it  cannot  penetrate,  the  bullet  will  be  demolilhed  by  the 
blow,  and  the  pieces  of  it  that  are  difperfed  about  will  he 
found  to  be  in  a ftate  very  little  fhort  of  fufion,  as  I have  often 
found  by  experience.  It  is  not  by  the  flame  therefore  that  bul- 
lets are  heated,  but  by  percuftion.  They  may,  indeed,  receive 
fome  fmall  degree  of  warmth  from  the  flame,  and  ftill  more 
perhaps  by  fridtion  againft  the  tides  of  the  bore,  but  it  is  in  link- 
ing againft  hard  bodies,  and  from  the  refiftance  they  meet  with 
in  penetrating  thole  that  are  fofter,  that  they  acquire  by  far 

2 N z the 
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the  greater  part  of  the  heat  we  find  in  them  as  foon  as  they  I 

come  to  be  at  reft,  after  having  been  difcharged  from  a gun. 

There  is  another  circumftance  that  may  poflibly  be  brought 
as  an  objedtion  to  this  opinion,  and  that  is  the  running  of  the 
metal  in  brafs  guns  upon  repeatedly  firing  them,  by  which 
means  the  vent  is  often  fo  far  enlarged  as  to  render  the  piece 
intirely  ufeiefs.  But  this,  I think,  proves  nothing  but  that 
brafs  is  very  eafily  corroded,  and  deftroyed  by  the  flame  of 
gun-powder  ; for  it  cannot  be  fuppofed,  that  in  thefe  cafes  the 
metal  is  ever  fairly  melted.  The  vent  of  a muiket  is  very  foon 
enlarged  by  firing,  and  after  a long  courfe  of  fervice  it  is  found 
neceiTary  to  ftop  it  up  with  a folid  fcrew,  through  the  center 
of  which  a new  vent  is  made  of  the  proper  dimenfions.  This 
operation  is  called  bulking,  or  rather  bouching  the  piece  ; but 
in  all  the  better  kind  of  fowling-pieces  the  vent  is  lined,  or 
houched,  with  gold,  and  they  are  found  to  ftand  fire  for  any 
length  of  time  without  receiving  the  leaft  injury.  But  every 
body  knows  that  gold  will  run  with  a lefs  heat  than  is  required 
to  melt  iron  : but  gold  is  not  corroded  either  by  the  fpirit  of 
nitre,  or  the  acid  fpirit  that  is  generated  from  fulphur,  whereas 
iron  is  very  eafily  deftroyed  by  either ; and  that  I take  to  be 
the  only  reafon  why  a vent  that  is  lined  with  gold  is  fo  much 
more  durable  than  one  that  is  made  in  iron.  But  it  feems,.  that 
iron  is  more  durable  than  brafs;  and  perhaps  fteel,  or  fome 
other  cheap  metal,  may  be  found  that  will  fupply  the  place 
of  gold,  and  by  that  means  the  great  expence  that  attends 
bouching  pieces,  with  that  precious  metal  may  be  fpared,  and 
this  improvement  may  be  introduced  into  common  ufe. 

This  leads  us  to  a very  eafy  and  eftedtual  remedy  for  that 
defedt  fo  long  complained  of  in  all  kinds  of  brafs  ordnance, 
the  running  of  the  vent  ; for  if  thefe  pieces  were  bouched  with 

iron. 
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iron,  there  is  no  doubt  but  they  would  hand  fire  as  well  as  iron 
guns ; and  if  fteel,  or  any  other  metal,  either  fimple  or  com- 
pounded, fhould  upon  trial  be  found  to  anfwer  for  that  pur- 
pofe  better  than  iron,  it  might  be  ufed  inftead  of  it;,  and 
even  if  gold  was  made  ufe  of  for  lining  the  vent,  I imagine  it 
might  be  done  in  fuch  a manner  as  that  the  expence  would  not 
be  very  confiderable,  at  the  fame  time  that  the  thicknefs  of  the 
gold  fhould  be  fufficient  to  withftand  the  force  of  the  flame  for 
a very  great  length  of  time. 

But  to  return  to  the  heat  acquired  by  guns  in  firing.  It 
being  pretty  evident  that  it  is  not  ail  communicated  by  the 
flame,  there  is  but  one  other  caufe  to  which  it  can  be  attri- 
buted, and  that  is  the  motion  and  friflion  of  the  internal  parts  - 
of  the  metal  among  themfelves,  occafioned  by  the  fudden  and? 
violent  effort  of  the  powder  upon  the  infide  of  the  bore,  and 
to  this  caufe  I imagine  the  heat  is  principally  if  not  almoft 
intirely  owing.  It  is  well  known,  that  a very  great  degree  of 
heat  may  be  generated  in  any  hard  and  denfe  body  in  a fhort 
fpace  of  time  by  fridlion,  and  in  a ftill  fhorter  time  by  colli- 
fion.  46  For  if  twTo  denfe  hard  elaftic  bodies  be  ftruck  againft 
“ each  other  with  great  force  and  velocity,  all  the  parts  of 
“ fuch  bodies  will  every  moment  be  clofely  comp  refled,  and1 
“ being  rigid  will  re-a£t  with  equal  force.  Hence  a quick  and 
“ powerful  contraflion  and  expanfion  will  arife  in  every  part, 
“ refembling  that  fwift  kind  of  vibrations  obferved  in  frretched: 
“ firings  ; how  great  thefe  vibrations  are  may  be  learnt  from 
“ the  inftance  of  a bell,  when  ftruck  with  a Angle  blow,  by 
64  which  the  whole  bulk,  however  vaft,  will  for  a long  time 
“ expand,,  and  contraft  itfelf  in  infinite  ellipfe's.  And  when 
<c  the  attrition  above  defcribed  is  produced,  with  what  force  and  1 
44  velocity  are  all  the  particles  of  the  rubbed  body  comprefled, 

2 46  fhaken,. 
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“ {haken,  and  loofened  to  their  very  intimate  fubftance*  ?”  And 
in  proportion  to  the  fwiftnefs  of  this  vibration,  and  the  violence 
of  the  attrition  and  friction,  will  be  the  heat  that  is  produced. 

A piece  of  iron  that  would  fuftain  the  prefiure  of  any  weight, 
however  large,  without  being  warmed,  may  be  made  quite  hot 
by  the  blow  of  a hammer ; and  even  fott  and  un-elaftic  bodies 
may  be  warmed  by  percuftion,  provided  the  velocity  with  which 
their  parts  are  made  to  give  way  to  the  blow  is  fufficiently  rapid. 
If  a leaden  bullet  is  laid  upon  an  anvil,  or  any  other  hard  body, 
and  in  that  fituation  it  is  {truck  with  a fmart  blow  of  a ham- 
mer, it  will  be  found  to  be  much  heated  ; but  the  fame  bullet  in 
the  fame  fituation  may  be  much  more  flattened  by  preflure,  or 
by  the  ftroke  of  a very  heavy  body  moving  with  a fmall  velo- 
city, without  being  fenfibly  warmed. 

To  generate  heat  therefore  the  adlion  of  the  powder  upon  the 
infide  of  the  piece  mult  not  only  be  fufficient  to  {train  the  metal, 
and  produce  a motion  in  its  parts,  but  this  effedt  muft  be  ex- 
tremely rapid ; and  the  heat  will  be  much  augmented,  if  the 
exertion  of  the  force  and  the  duration  of  its  action  are  momen- 
taneous , for  in  that  cafe,  the  fibres  of  the  metal  (if  I may  ufe 
the  expreffion)  that  are  violently  ft  retched,  will  return  with 
their  full  force  and  velocity,  and  the  fwift  vibratory  motion  and 
attrition  before  defcribed  will  be  produced. 

The  heat  generated  in  a piece  by  firing  is  therefore  as  the 
force  by  which  the  particles  of  the  metal  are  ftrained  and  com- 
prefled,  the  fuddennels  with  which  this  force  is  exerted,  and  the 
• fhortnefs  of  the  time  of  its  adtion  ; that  is  to  fay,  as  the 
ftrength  of  the  powder  and  the  quantity  of  the  charge,  the 
quicknefs  of  its  inflammation,  and  the  velocity  with  which  the 
generated  fluid  makes  its  efcape. 

* Vide  shaw’s  tranflatioa  of  boerhaave’s  Chemifhy,  vol.  I.  p.  249. 

Now 
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Now  the  effort  of  any  given  charge  of  powder  upon  the  gun 
is  very  nearly  the  fame,  whether  it  be  fired  with  a bullet  or 
without;  but  the  velocity  with  which  the  generated  elaftic 
fluid  makes  its  efcape,  is  much  greater  when  the  powder  is 
fired  alone,  than  when  it  is  made  to  impel  one  or  more  bullets  ; 
the  heat  ought  therefore  to  be  greater  in  the  former  cafe  than 
in  the  latter,  as  I found  by  experiment. 

But  to  make  this  matter  ftill  plainer,  we  will  fiippofe  any 
given  quantity  of  powder  to  be  confined  in  a fpace  that  is  juft 
capable  of  containing  it,  and  that  in  this  fituation  it  is  by  any 
means  fet  on  fire.  Let  us  fuppofe  this  fpace  to  be  the  chamber 
of  a piece  of  ordnance  of  any  kind,  and*  that  a bullet,  or  any 
other  folid  body,  isfo  firmly  fixed  in  the  bore  immediately  upon 
the  charge,  that  the  whole  effort  of  the  powder  final!  not  be  able 
to  remove  it.  As  the  powder  goes  on  to  be  inflamed,  and  the 
elaftic  fluid  is  generated,  the  preffure  upon  the  in  fide  of  the 
chamber  will  be  increafed,,  till  at  length  all  the  pow- 
der being  burnt,  the  ftrain  upon  the  metal  will  be  at  its 
greateft  height,  and  in  this  fituation  things  will  remain,  the 
cohefion  or  elafticity  of  the  particles  of  metal  counterbalancing 
the  preffure  of  the  fluid. 

Under  thefe  circumftances  very  little  heat  would  be  gene- 
rated ; for  the  continued  effort  of  the  elaftic  fluid  would  ap- 
proach to  the  nature  of  the  preffure  of  a weight ; and  that 
concuflion,  vibration,  and  friftion,  among  the  particles  of  the 
metal,  which  in  the  collifion  of  elaftic  bodies  is  the  caufe  of 
the  heat  that  is  produced,  would  fcarcely  take  effeft. 

But  inftead  of  being  firmly  fixed  in  its  place,  let  the  bullet 
now  be  moveable,  but  let  it  give  way  with  great  difficulty,  and 
by  flow  degrees.  In  this  cafe,  the  elaftic  fluid  will  be  gene- 
rated as  before,  and  will  exert  its  whole  force  upon  the  chamber 

of  i 
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of  the  piece ; but  as  the  bullet  gives  way  to  the  preffure,  and 
moves  on  in  the  bore,  the  fluid  will  expand  itfelf  and  grow 
weaker,  and  the  particles  of  the  metal  will  gradually  return 
to  their  former  fituations ; but  the  velocity  with  which  the 
metal  reftores  itfelf  being  but  frnall,  the  vibration  that  remains 
in  the  metal,  after  the  elaftic  fluid  has  made  its  efcape,  will  be 
very  languid,  as  will  be  the  heat  that  is  generated  by  it. 

But  if,  inftead  of  giving  way  with  fo  much  difficulty,  the 
bullet  is  much  lighter,  fo  as  to  afford  but  little  refiftance  to  the 
elaftic  fluid  in  making  its  efcape,  or  if  the  powder  is  fired  wich- 
out  any  . bullet  at  . all ; then,  there  being  little  or  nothing  toop- 
pofe  .the  flame  in  its  paflage  through  the  bore,  it  will  expand 
itfelf  with  an  amazing  velocity,  and  its  action  upon  the  gun 
will  ceafe  alrnoft  in  an  inftant,  the  {trained  metal  will  reftore 
itfelf  with  a very  rapid  motion,  and  a fbarp  vibration  will 
enfue,  by  which  the  piece  will  be  much  heated. 


Of  the  ejf'etl  of  ramming  the  powder  in  the  chamber  of  the  piece . 

The  charge,  confiftlng  of  218  grains  of  powder,  being  put 
gently  into  the  bore  of  the  piece  in  a cartridge  of  very  fine  ' 
paper,  without  being  rammed,  the  velocity  of  the  bullets  at  a 
mean  of  the  40th,  41ft,  43d,  and  47th  experiments,  was  j 
at  the  rate  of  1225  feet  in  a fecond;  but  in  the  68th,  69th, 
.and  70th  experiments,  when  the.  fame  quantity  of  powder  was 
rammed  down  with  five  or  fix  hard  ftrokes  of  the  ram- rod,  the 
mean  velocity  was  1329  feet  in  a fecond.  Now  the  total  force 
or  preffure  exerted  by  the  charge  upon  the  bullet  is  as  the  fquare 

of  its  velocity,  and  1329  is  to  1225*  as  1,1776  is  to  1 ; or 

nearly 
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nearly  as  6 Is  to  5 ; and  in  that  proportion  was  the  force  of  the 
given  charge  of -powder  intreafed  by  being  rammed. 

In  the  7 1 ft  experiment  the  powder  was  alfo  rammed,  but  the 
vent,  inftead  of  being  at  the  bottom  of  the  bore,  was  at  1,3, 
and  the  velocity  of  the  bullet  was  very  confiderably  diminiihed, 
being  only  at  the  rate  of  i oSo  feet  in  a fecond,  inftead  of  1276 
feet  in  a fecond,  which  was  the  mean  velocity  with  this 
charge,  and  with  the  vent  in  this  fituation  when  the  powder 
was  rammed.  See -the  experiments  N°  43,  44,  45,  and  46* 

When,  inftead  of  ramming  the  powder,  or  prefling  it  gently 
together  in  the  bore,  it  is  put  into  a fpace  larger  than  it  is 
capable  of  filling,  the  force  of  the  charge  is  thereby  very  fen~ 
fibly  leflened,  as  Mr.  robins  and  others  have  found  by  repeated 
trials*  In  my  30th  experiment  the  charge,  confifting  of  no 
more  than  165  grains  of  powder,  was  made  to  occupy  3,2 
inches  of  the  bore  inftead  of  1,45  inches,  which  fpace  it  juft 
filled  when  it  was  gently  pufhed  into  its  place  without  being 
rammed ; the  confequence  was,  the  velocity  of  the  bullet, 
inftead  of  being  1 100  feet  in  .a  fecond  or  upwards,  was  only  at 
the  rate  of  914  feet  in  a fecond,  and  the  recoil  was  leflened  in 
proportion. 

And  from  hence  we  may  draw  this  practical  inference,  that 
the  powder,  with  which  a piece  of  ordnance  or  a fire-arm  is 
charged,  ought  always  to  be  prefled  together  in  the  bore  ; and 
if  it  is  rammed  to  a certain  degree,  the  velocity  of  the  bullet 
will  be  ftill  farther  increafed.  It  is  well  known,  that  the  recoil 
of  a mufket  is  greater  when  its  charge  is  rammed  than  when  it 
is  not ; and  there  cannot  be  a ftronger  proof  that  ramming 
increafes  the  force  of  the  powder. 
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Of  the  relation  of  the  velocities  of  bullets  to  the  charges  of  powder 
by  which  they  are  impelled. 

It  appears  by  all  the  experiments  that  have  hitherto  been 
made  -upon  the  initial  velocities  of  bullets,  that  when  the 
weights  and  dimen  Cons  of  the  bullets  are  the  fame,  and  they 
are  difcharged  from  the  fame  piece  by  different  quantities  of 
powder,  the  velocities  are  in  the  fub- duplicate  ratio  of  the 
weights  of  the  charges  very  nearly. 

The  following  table  will  fhew  how  accurately  this  law  ob- 
tained in  the  foregoing  experiments. 

Velocities 


Charges, 

437i 

. Computed. 

1764 

Actual. 

1764 

Difference. 

N°  of  exp. 

3 

33° 

*533 

*594 

+ 61 

2 

3l° 

i486 

1459 

- 27 

1 

290 

i436 

1436 

0 

7 

218 

1232 

1225 

- 7 

4 

208 

I2l6 

1256 

+ 40 

3 

165 

1083 

1087 

+ 4 

2 

*45 

IOl8 

1040 

+ 22 

2 

104 

860 

757 

- 103 

2 

The  com 

Lputed  velocities, 

as  they  are 

fet  down  in 

this  table. 

were  determined  from  the  ratio  of  the  fquare  root  of  437!  (the 
weight  in  grains  of  the  largeft  charge  of  powder)  to  the 
mean  velocity  of  the  bullet  with  that  charge  and  the  vent  at 
o ; viz.  i ;64  feet  in  a lecond,  and  the  fquare  root  of  the  other 
charges  exprefled  in  grains.  And  the  adlual  velocities  are  means 
of  all  experiments  that  were  made  under  fimilar  circumftances. 

S The 
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The  fourth  column  (hews  the  difference  of  the  computed  and  ; 
adual  velocities,  or  the  number  of  feet  in  a fecond  by  which 
the  adual  velocity  exceeds  or  falls  ihort  of  the  computed  : and 
in  the  fifth  column  is  fet  down  the  number  of  experiments 
with  each  charge,  from  the  mean  of  which  the. adual  velo- 
city was  determined. 

The  agreement  of  the  computed  and  adtual  velocities  wilh 
appear  more  ftriking,  if  we  take  the  fum  and  differelice  of  thofe 
velocities  with  all  the  charges  except  the  firft:  thws,  c 

Sum  of  the  velocities,  —1764. 

< — — -> 

Computed.  Actual.  Difference.  N®  of  exp. 

9864  9854  ~ IO  23 

So  that  it  appears,  that  the  difference,  or  the  aduai  vela* 
city,  was  fmaller  than  the  computed  by  ~4t  Part  only  at  a 
mean  of  23  experiments* 

But  as  by  far  the  greater  number  of  the  experiments  were 
made  with  the  following  charges,  viz.  ,290,  218,  208,  165, 
and  145  grains  of  powder,  let  us  take  the  fum  and  difference 
of  the  computed  and  adfcual  velocities  of  thofe  charges  : thus, 

Sum  of  the  velocities 

A 

( > 

Computed.  A&ual.  Difference.  N°  of  exp. 

5985  6044  +59  18 

Mere  the  agreement  of  the  theory  with  the  experiments  is  fd 
very  remarkable,  that  we  muff  fuppofe  it  was  in  fome  meafure 
accidental ; for  the  difference  of  the  velocities  in  repeating  the 
fame  experiment  is  in  general  much  greater  than  the  difference 
of  the  computed  and  adiial  velocities  in  this  inftance ; but,  I 
think,  we  may  fairly  conclude,  from  the  refult  of  all  thefe 

% O 2 0 trials* 
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trials,  that  the  velocities  of  like  mujket  bullets,  when  they  are 
diicharged  from  the  fame,  piece,  by  different  quantities  of  the 
lame  kind  of  powder,  are.  very  nearly  in  the  ful>duplicate 
ratio  of  the  weights  of  the  charges.  Whether  this  law  will 
hold  good  when  , applied  to  cannon  balls,  and  bomb  {hells  of 
large  dimenfions,  I dare  not  at  prefent  take  upon  me  to  decide ; 
but,  for  feveral  reafons  that  might  be  mentioned,  I am  rather 
of  opinion,  that  it  will  not ; at  lead:  not  with  that  degree  of 
accuracy  which  obtained  in  thefe  experiments. 

Of  the  effect  of  placing  the  vent  in  different  parts  of  the  charge* 

There  have  been  two  opinions  with  refpefl:  to  the  manner  in 
which  gun-powder  takes  fire.  Mr.  robins  fuppofes  that  the 
progrefs  of  its  inflammation  is  fo  extremely  rapid,  u that  all 
66  the  powder  of  the  charge  is  fired  and  converted  into  an  elaftic 
u fluid,  before  the  bullet  is  fenfibly  mov^d  from  its  place;” 
while  others  have  been  of  opinion,  that  the  progrefs  of  the  in- 
flammation is  much  flower,  and  that  the.  charge  is  feldom  or 
never  completely  inflamed  before  the  bullet  is  out  of  the  gun* 

The  large  quantities  of  powder  that  are  frequently  blown 
out  of  fire  arms  un-inflamed,  feem  to  favour  the  opinion  of 
the  advocates  for  the  gradual  firing ; but  Mr.  robins  endea- 
vours to  account  for  that  circumftance  upon  different  principles, 
and  fupports  his  opinion  by  fhewing  that  every  increafe  of  the 
charge  within  the  limits  of  practice  produces  a proportional 
increafe  of  the  velocity  of  the  bullet,  and  that  .when  the  pow- 
der is  confined  by  a great  additional  weight,  by  firing  two  or 
more  bullets  at  a time  inftead  of  one,  the  velocity  , is  not  fenfi- 
bly greater  than  it  ought  to  be  according  to  his  theory. 
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If  this  were  a queftion  merely  fpeculative,  it  might  not  he 
worth  while  to  fpend  much  time  in  the  difcuflion  of  it ; but  as 
it  is  a matter  upon  the  knowledge  of  which  depends  the  deter- 
mination of  many  important  points  refpedting  artillery,  and 
from  which  many  ufeful-  improvements  may  be  derived,  too 
much  pains  cannot  be.  taken  to  come  at  the  truth.  Till  the 
manner  in  which  powder  takes  fire,  and  the  velocity  with  which 
the  inflammation  is  propagated,  are  known,  nothing  can  with 
certainty  be  determined  with  refpect  to  the  beft  form  for  the 
chambers > of  pieces  of  ordnance,  or  the  moft  advantageous 
fituation  for  the  vent;  nor  can  the  force  of  powder,  or  the 
ftrength  that  is  required  in  different  parts  of  the  gun,  be  afcer- 
tained  with  any  degree  of  precifion. 

As  it  would  be  eafy  to  determine  the  beft  fituation  for  the 
vent  from  the  velocity  of  the  inflammation  of  powder  being 
known,  fo  on  the  other  hand  I had  hopes  of  being  able  to  come 
at  that  velocity  by  determining  the  effedf  of  placing  the 
vent  in  different  parts  of  the  charge;  for  which  purpofe  the 
following  experiments  were  made. 


A table 
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A table  of  experiments , Jhewing  the  effeSi  of  placing  the  vent  in 
different  parts  of  the  charge . 


Weight  of  the 
charge  of  pow- 
1 der. 

Space  occupied 
by  the  powder, 

V ent  from  the 
bottom  of  the 
bore. 

Velocity  of  the 
bullet  at  a me- 
dium. 

Recoil  mea- 
fured  upon  the 
ribbon  at  a me- 
d i urn . 

Number  of  ex- 
periments. 

Grains. 

Inches  * 

Inches. 

Ft»  in  a fee. 

Inches. 

165 

i,45 

0 

IO87 

14,465 

2 

. . . 

. . . 

U32 

1082 

H,3* 

O 

0 

2 1 8 

J>9 

6 

1225 

I7,93 

4 

. « . 

> . « 

r>3' 

I276 

1^:34 

4 ' 

290 

2,6 

0 

I427 

22,626 

' 

0 

. . . 

• • • 

i>3 

*493 

23?34 

3 

• © • 

• • • 

2v6 

1460 

23,286 

4 

. . . 

. . . 

0 

1444 

23>I35 

A . 

. . . 

. . . 

2,6 

H*3 

24,5 

3 

310 

2>7 

0 

— 

24,69 

1 

• • • 

. . . 

I,32 

24,95 

1 

. . . 

. . . 

2,65 

24,9 

1 

33° 

2>9 

0 

>594 

26,075 

2 

. . . 

ft  • ft 

i>3 

1625 

26,4 

2 

. . . 

ft  ft  * 

256 

1525 

25>3 

2 

437i 

3>9 

0 

1764 

33>3 

0 

D 

• V* 

2,6 

* 75 1 

32,866 

3 

By  the  foregoing  experiments  it  appears,  firft,  that  the  dif- 
ference in  the  force  of  any  given  charge  of  powder  which 
arifes  from  the  particular  fttuation  of  the  vent  is  extremely 
fmalh 

With  165  grains  of  powder,  and  the  vent  at  o,  the  velocity 
of  the  bullet  at  a mean  of  two  experiments  ( viz.  the  20th 
and  2 1 ft)  was  1 08  7 feet  in  a fecond;  and  with  the  fame  charge, 
and  the  vent  at  1,32  inches,  the  velocity  at  a mean  of  the 
zzd7  23d,  and  24th  experiments,  was  1082  feet  in  a fecond  ; 
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the  difference,  equal  five  feet  in  a fecond,  is  lefs  .than  what 
occurred  in  a repetition  of  the  fame  experiment. 

With  218  grains  of  powder,  and  the  vent  at  o,  the  velocity 
at  a mean  in  the  40th,  41ft,  43d,  and  47th  experiments, 
was  at  the  rate  of  1225  feet  in  a fecond;  and  with  the  fame 
charge,  and  the  vent  at  1,3,  the  velocity  was  1276  feet  in  a 
fecond  at  a mean  of  four  experiments,  viz.,  the  43d,  44th, 
45th,  and  46th. 

In  the  firfl:  fet  of  experiments,  with  290  grains  of  powder*, 
the  velocities  were, 


Vent  at  o. 

Vent  at  1,3, 

Vent  at  2,6. 

1414 

1476 

I5°2 

1455- 

1 J20- 

X450 

1412 

1483 

1 433 
1454 

3)4281 

3)4479 

4)5839 

1427 

1 493 

I46O" 

Means 

See  the  experiments  from  N°  48.  to  N°  57.  inclufive^ 
Ih  the  fecond  fet  the  velocities  were*.’ 


Means 


Vent  at  0. 

Vent  at  2,6. 

1419 

1438 

I46O' 

1423 

1462 

Co 

vi 

00 

1436 

4)5777 

3>4239) 

1444 

I4I3 

See  the  experiments  from  N?  109,  to  N°  115.  inclufive. 


And 
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And  taking  the  means  of  ail  the  velocities  in  both  fets  in 
each  pofition  of  the  vent  it  will  be, 

Vent  at  o.  Vent  at  1,3.  Vent  at  2,6. 

Mean  velocity  1436  ^ 14 93  1437 

The  mean  recoils  in  thefe  experiments  were, 

Vent  at  o.  Vent  at  1*3.  Vent  at  2,6. 

22,88  23,34  23,61 

In  the  experiments  with  310  grains  'of  powder  the  velocities 
of  the  bullets  were  not  determined  with  fufficient  accuracy  to 
be*  depended  on  ; but  the  recoils,  which  were  meafured  wTith 
great  nicety,  were  as  follows,  viz. 

Vent  at  o.  Vent  at  1,3.  Vent  at  2,6 

24,69  24,95  24,9 


With  330  grains  of- powder  the  mean  velocities  and  recoils 
were, 

Vent  at  o.  Vent  at  1,3.  Vent  at  2,6. 

Velocities  1594  1625  1525 

Recoils  26,075  26,4  25,3 

In  the  experiments  with  437!  grains  (an  ounce  avoirdupois) 
of  powder  the  velocities  and  recoils  were, 


Vent  at 

vV 

O. 

Vent  at 

■ ii  ^ m 

2,6. 

f 

Velocity. 

> 

Recoil, 

Velocity. 

Recoil. 

1738 

33> 

i7°7 

32>5 

1824 

33’ 3 

!/57 

33>z 

1728 

33’6 

1789 

32’9 

3)s29l 

3 )99’9 

3)5253 

3) 98>6 

Means  x 764 

33’3 

I75I 

32,866 

> f‘ 

Secondly, 

1 
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Secondly,  From  the  remit  of  all  thefe  experiments  it  appears, 
that  the  effect  of  placing  the  vent  I11  different  portions  with 
refpect  to  the  bottom  of  the  chamber  is  different,  in  different 
charges  ; thus,  with  165  grains  of  powder  the  velocity  of  the- 
bullet  wras  rather  diminifhed  by  removing  the  vent  from  o,  or 
the  bottom  of  the  bore  to  1,32  ; but  with  218  grains  of  pow- 
der the  velocity  was  a little  increafed,  as  was  alfo  the  recoil. 
With  290  grains  of  powder  the  velocity  was  greateft  when  the  ' 
powder  was  lighted  at  the  vent  1,3  which  was  near  the  middle 
of  the  charge,  and  rather  greater  when  it  was  lighted  at  the 
top,  or  immediately  behind  the  bullet,  than  when  it  was 
lighted  at  the  bottom.  And  by  the  recoil  it  would  feem,  that 
the  velocities  of  the  bullets  varied  nearly  in  the  fame  manner 
when  the  charge  confided  of  310  grains  of  powder. 

With  330  grains  of  powder,  both  the  velocity  and  the  recoil 
were  greater  when  the  powder  was  lighted  at  the  middle  of 
the  charge,  than  when  it  was  lighted  at  the  bottom  ; but  they 
were  leaf!  of  all  when  it  was  lighted  near  the  top.  And  when 
cm  ounce  of  powder  was  made  ufe  of  for  the  charge,  its  force 
was  greateft  when  it  was  lighted  at  the  bottom.  But  the  dif- 
ference in  the  force  exerted  by  the  powder  which  arofe  from  the 
particular  pofition  of  the  vent  was  in  all  cafes  lo  mconfiderable 
(being,  ns  I have  before  obferved,  lefs  than  what  frequently 
occurred  in  repeating  the  fame  experiment)  that  no  contdufion 
can  be  drawn  from  the  experiments,  except  only  this,  that  any 
given  charge  of  powder  exerts  nearly  the  fame  force,  whatever 
is  the  pofition  of  the  vent. 

And  hence  the  following  practical  inference  naturally  occurs, 
viz.  that  in  the  formation  of  fire-arms  no  regard  need  be  had  to 
any  fuppofed  advantages  that  gun-fmiths  and  others  have  hi- 
therto imagined  were  to  be  derived  from  particular  fituations  for 
Vol.  LXXI.  2 P ..  the 
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the  vent,  fuch  as  diminiftiing  the  recoil,  Increafing  the  force 
of  the  charge,  & c. ; but  the  vent  may  be  indifferently  in  any 
part  of  the  chamber  where  it  will  beft  anfwer  upon  other  ac- 
counts : and  there  is  little  doubt  but  the  fame  thing  will  hold 
good  in  great  guns,  and  all  kinds  of  heavy  artillery. 

Almoft  every  workman  who  is  at  all  curious  in  fire  -arms  has  a 
particular  fancy  with  regard  to  the  beft  form  for  the  bottom  of 
the  chamber,  and  the  proper  pofition  of  the  vent.  They  in 
general  agree,  that  the  vent  fhould  be  as  low  or  far  back  as 
poffible,  in  order,  as  they  pretend,  to  leflen  the  recoil ; but  no 
two  of  them  make  it  exactly  in  the  fame  manner.  Some  make 
the  bottom  of  the  chamber  flat,  and  bring  the  vent  out  even 
with  the  end  of  the  breech-pin.  Others  make  the  vent  flanting 
through  the  breech-pin,  in  fuch  a manner  as  to  enter  the  bore 
juft  in  its  axis.  Others  again  make  the  bottom  of  the  chamber 
conical ; and  there  are  thofe  who  make  a little  cylindric  cavity 
in  the  breech-pin,  of  about  two-tenths  of  an  inch  in  diameter, 
and  near  half  an  inch  in  length,  coinciding  with  the  axis  of 
the  bore,  and  bring  out  the  vent  even  with  the  bottom  of  this 
little  cavity. 

The  objection  to  the  firft  method  is,  the  vent  is  apt  to  be 
flopped  up  by  the  foul  matter  that  adheres  to  the  piece  after 
tiring,  and  which  is  apt  to  accumulate,  efpecially  in  damp  wea- 
ther. The  fame  inconvenience  in  a ftill  greater  degree  attends 
the  other  methods,  with  the  addition  of  another,  arifing  from 
the  increafed  length  of  the  vent ; for  the  vent  being  longer  it 
is  not  only  more  liable  to  be  obftrudled,  but  it  takes  a longer 
time  for  the  flame  to  pafs  through  it  into  the  chamber,  in  con- 
fequence  of  which  the  piece  is  flower  in  going  off,  or,  a& 
fportfmen  term  it,  is  apt  to  hang  fire. 


2 


The 


upon  Gun-powder,  &c.  279 

The  form  I would  recommend  for  the  bottom  of  the  bore  is 
that  of  a hemifphere ; and  the  vent  Ihould  be  brought  out  di- 
redlly  through  the  fide  of  the  barrel,  in  a line  perpendicular  to 
its  axis,  and  pointing  to  the  center  of  the  hemifpheric  concavity 
of  the  chamber. 

In  this  cafe  the  vent  would  be  the  fliorteft  poffible ; it  would 
be  the  lead:  liable  to  be  obftrudted,  and  the  piece  would  be  more 
eafily  cleaned,  than  if  the  bottom  of  the  bore  was  of  any 
other  form.  All  thefe  advantages,  and  feveral  others  not  lefs 
important,  would  be  gained  by  making  the  bottom  of  the  bore 
and  vent  of  great  guns  in  the  fame  manner. 

A new  method  of  determining  the  velocities  of  bullets . 

From  the  equality  of  aBion  and  re-aBion  it  appears,  that  the 
momentum  of  a gun  muft  be  precifely  equal  to  the  momentum 
of  its  charge;  or  that  the  weight  of  the  gun,  multiplied  into 
the  velocity  of  its  recoil,  is  juft  equal  to  the  weight  of  the  bul- 
let and  of  the  powder  (or  the  elaftic  fluid  that  is  generated  from 
it)  multiplied  into  their  refpedtive  velocities  : for  every  particle 
of  matter,  whether  folid  or  fluid,  that  iflues  out  of  the  mouth 
of  a piece,  muft  be  impelled  by  the  aftion  of  fome  power, 
which  power  muft  re-aB  with  equal  force  again  ft  the  bottom  of 
the  bore. 

Even  the  fine  invifible  elaftic  fluid  that  is  generated  from  the 
powder  in  its  inflammation  cannot  put  itfelf  in  motion  without 
re-adting  againft  the  gun  at  the  fame  time.  Thus  we  fee  pieces, 
when  they  are  fired  with  powder  alone,  recoil  as  well  as  when 
their  charges  are  made  to  impel  a weight  of  fhot,  though  the 
'recoil  is  not  in  the  fame  degree  in  both  cafes.  ; , . y 
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It  Is  eafy  to  determine  the  velocity  of  the  reccil  in  any  given 
cafe,  by  fufpending  the  gun  in  an  horizontal  pofition  by  two 
pendulous  rods,  and  meafuring  the  arc  of  its  afcent,  by  means 
of  a ribbon  according  to  the  method  already  defcribed,  and  this 
will  give  the  momentum  of  the  gun,  its  weight  being  known, 
and  confequently  the  momentum  of  its  charge.  But  in  order 
to  determine  the  velocity  of  the  bullet  from  the  recoil,  it  will 
be  neceflary  to  find  out  how  much  the  weight  and  velocity  of 
the  elaflic  fluid  contributes  to  it. 

That  part  of  the  recoil  which  arifes  from  the  expanfion  of 
this  fluid  is  always  very  nearly  the  lame,  whether  the  powder  is 
fired  alone,  or  whether  the  charge  is  made  to  impel  one  or  more 
bullets,  as  I have  found  by  a great  variety  of  experiments. 

If  therefore  a gun,  fu (pended  according  to  the  method  pre- 
ferred, is  fired  with  any  given  charge  of  powder,  but  without 
any  bullet  or  wad,  and  the  recoil  is  obferved,  and  if  the  fame 
piece  is  afterwards  fired  with  the  fame  quantity  of  powder,  and 
a bullet  of  a known  weight,  the  excels  of  the  velocity  of  the 
recoil  in  the  latter  cafe,  over  that  in  the  former,  will  be  pro- 
portional to  the  velocity  of  the  bullet;  for  the  difference  of 
thefe  velocities,  multiplied  into  the  weight  of  the  gun,  will  be 
equal  to  the  weight  of  the  bullet  multiplied  into  its  velocity. 
Thus  if  W is  put  equal  to  the  weight  of  the  gun, 

U ~ the  velocity  of  its  recoil,  when  it  is  fired  with 
any  given  charge  of  powder,  without  any  bullet, 

V = the  velocity  of  the  recoil,  when  the  fame 
charge  is  made  to  impel  a bullet, 

B ~ the  weight  of  the  bullet,  and 
v ~ its  velocity,. 

It  will  be  V = Hil!?, 

n 
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Let  us  fee  how  this  method  of  determining  the  velocities  of 
bullets  will  anfwer.  in  praftice. 

In  the  94th  experiment  the  recoil,  with  165  grains  of  pow- 
der, without  a bullet,  was  5,5  inches,  and  in  the  95th  experi- 
ment, with  the  fame  charge,  the  recoil  was  5,6  inches.  The 
mean  is  5,55  inches  ; and  the  length  of  the  rods  by  which  the 
barrel  was  fufpended  being  64  inches,  the  velocity  of  the  recoil 
(=  U)  anfwering  to  5,55  inches  meafured  upon  the  ribbon,  is 
that  of  1,1358  feet  in  a fecond. 

In  five  experiments,  with  the  fame  charge  of  powder,  and  a 
bullet  weighing  580  grains,  the  recoil  was  as  follows,  viz* . 


20th  experiment 

14,73 

2 1 ft 

14,2 

22d 

14,8 

23d 

4- 

v» 

CO 

24th 

14,68 

5)73,.  ( = 1 4,6  inches  at  a mean. 

And  the  velocity  of  the  recoil  ( = V)  anfwering  to  the  length 
is  that  of  2,9880  feet  in  a fecond:  confequently  V — U,  or 
2,9880-  1,1358  is  equal  to  1,8522  feet  in  a fecond. 

But  as  the  velocities  of  recoil  are  known  to  be  as  the  chords 
of  the  arcs  through  which  the  barrel  afcends,  it  is  not  neceffary 
in  order  to  determine  the  velocity  of  the  bullet  to  compute  the 

velocities  V and  U ; but  the  quantity  V - U,  or  the  difference 
of  the  velocities  of  the  recoil  when  the  given  charge  is  fired 
with  and  without  a bullet,  may  be  computed  from  the  value 
of  the  difference  of  the  chords,  by  one  operation.  Thus  the 
velocity  anfwering  to  the  chord  9,05  is  that  of  1,8522  feet  in 

a fecond,  which  is  juft  equal  to  V - U,  as  was  before  found. 
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The  weight  of  the  barrel,  together  with  its  carriage,  was 
47  J pounds,  to  which  three  quarters  of  a pound  is  to  be  added 
on  account  of  the  weight  of  the  rods  by  which  it  was  fuf- 
pended,  which  makes  W — 48  pounds,  or  336,000  grains, 
and  the  weight  of  the  bullet  was  580  grains.  B is  therefore 
to  W as  580  is  to  336,000,  that  is,  as  1 is  to  579,31  very 

nearly  ; and  v ( = is  equal  to  V - U x 579,31 . 

The  value  of  V - U anfwcring  to  the  experiments  before 
mentioned  was  found  to  be  1,8522  ; confequently  the  velocity 
of  the  bullets  ( = v)  was  1,8522  * 579,3 1 ~ 1073  feet  in  a fe- 
cond,  which  is  extremely  near  1083  feet  in  a fecond,  the  mean 
of  the  velocities,  as  they  were  determined  by  the  pendulum. 

But  the  computation  for  determining  the  velocity  of  a bullet 
upon  thefe  principles  may  be  rendered  ftill  more  fimple  and  eafy 
in  practice  ; for  the  velocities  of  the  recoil  being  as  the  chords 
meafured  upon  the  ribbon,  if 

c is  put  equal  to  the  chord  of  the  recoil  expreffed  in 
Englifh  inches,  when  the  piece  is  fired  with  powder 
only,  and 

C ~ the  chord  when  a bullet  is  difeharged  by  the  fame 
charge, 

then  C - c will  be  as  V - U ; and  confequently  as  ^ , 

which  meafures  the  velocity  of  the  bullet,  the  ratio  of  W to  B 
remaining  the  fame. 

If  therefore  we  fuppofe  a cafe  in  which  C - c is  equal  to  one 
inch,  and  the  velocity  of  the  bullet  is  computed  from  that 
chord,  the  velocity  in  any  other  cafe,  wherein  C - c is  greater 
or  lefs  than  one  inch,  will  be  found  by  multiplying  the  dif- 
ference of  the  chords  C and  c by  the  velocity  that  anfwers  to  a 
difference  of  one  inch. 

The 
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The  length  of  the  parallel  rods  by  which  the  barrel  was  fuf- 
pended  being  64  inches,  the  velocity  of  the  recoiianfwering  to 
C - c = 1 inch  mealured  upon  the  ribbon  is  0,204655  parts  of  a 
foot  in  a fecond ; and  this  is  alfo,  in  this  cafe  the  value  of 
V-U;  the  velocity  of  the  bullet  is  therefore  v = 0,204655  x 
579,31  =z  118,35  feet  in  a fecond. 

Consequently  the  velocity  of  the  bullet  expreffed  in  feet  per 
fecond  may  in  all  cafes  be  found  by  multiplying  the  difference 
of  the  chords  C,  and  c,  by  1 1 8,35,  the  weight  of  the  barrel,  the 
length  of  the  rods  by  which  it  is  fufpended,  and  the  weight  of 
the  bullet  remaining  the  fame,  and  this  whatever  the  charge  of 
powder  may  be  that  is  made  ufe  of,  and  however  it  may  differ 
in  ft rength  or  goodnefs. 

According  to  this  rule  the  velocities  of  the  bullets  in  the  fol- 
lowing experiments  have  been  computed  from  the  recoil ; and 
by  comparing  them  with  the  velocities  fhewn  by  the  pendulum, 
we  (hall  be  enabled  to  judge  of  the  accuracy  of  this  new  me- 
thod of  determining  the  velocities  of  bullets. 

In  the  76th  and  77th  experiments,  when  the  piece  was  fired 
with  145  grains  of  powder  and  a bullet,  the  recoil  was  13,25 
and  13,15,  or  13,2  at  a mean;  and  with  the  fame  charge  of 
powder,  without  a bullet,  the  recoil  was  4,5  and  4,3,  or  4,4 
at  a mean  (fee  the  84th  and  93d  experiments)*  C -c  is^ 
therefore  13,2  — 4,4=  3,8  inches,  and  the  velocity  of  the  bul- 
lets = 8,8  x 118,35=  1045  f*eet  m a feconch  The  mean  of 
the  velocities  as  they  were  determined  by  the  pendulum  is  that 
of  1040  feet  in  a fecond.  In  the  104th  and  105th  experiments 
the  recoil  was  12,92  and  13,28,  and  the  velocity  computed 
from  the  mean  of  thofe  chords  is  1030  feet  in  a fecond  ; but 
the  velocity  fhewn  by  the  pendulum  was  no  more  than  about 
900  feet  in  a fecond.  As  the  recoil  was  fo  nearly  equal  to 

what 
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what  it  was  in  the  76th  and  77th  experiments  before  mentiond, 
when  the  velocities  fliewn  by  the  recoil  and  by  the  pendulum 
were  aimoft  exactly  the  fame,  I am  inclined  to  believe,  that 
there  rauft  have  been  fome  miftake  in  determining:  the  vela- 
cities  by  the  pendulum  in  thefe  laft  experiments,  and  that  the 
velocity  (hewn  by  the  recoil  is  moft  to  be  depended  on. 

With  290  grains,  or  half  the  weight  of  the  bullet  in  pow- 
der, in  the  48th,  49th,  and  50th  experiments,  the  recoil  was 
22,58,  22,92,  and  22,38  ; and  the  recoil,  with  the  fame  charge 
of  powder,  without  a bullet,  at  a mean  of  the  60th  and 
99th  experiments,  was  10,66.  The  mean  of  the  velocities 
of  the  bullets,  computed  from  the  recoil,  is  therefore  1416 
feet  in  a fecond,  and  the  velocity  fliewn  by  the  pendulum  was 
1427  feet  in  a fecond  : the  difference  is  not  confderablc.  7 he 
mean  of  the  velocities  in  the  109th,  noth,  111th,  and 
1 1 2th  experiments  is  by  the  recoil  1464,  and  by  the  pendu- 
lum 1 444  feet  in  a fecond. 

With  330  grains  of  powder  the  velocities  of  the  bullets 
appear  to  have  been  as* follows,  viz . 

Vent  at  o.  Vent  at  1,3.  Vent  at  2,6. 
By  the  recoil  154 3 1620  1610 

By  the  pendulum  159 4 1625  1528 

See  the  62d,  63d,  64th,  65th,  66th,  67th,  and  17th 
experiments. 

The  uniformity  of  the  recoil  was  in  all  cafes  very  remarkable. 
Thus,  in  the  firft  fet  of  experiments  with  290  grains  of  pow- 
der (from  the  48th  to  the  5 7 th  experiment  inclufive),  the  recoil 
was, 


Vent 
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Vent  at  o.  Vent  at  1,3.  Vent  at  2,6. 


22,58 

23,21 

23,00 

22,92 

23,76 

23,26 

22,38 

. 23,06 

23,26 

23>56 

3)67,88 

3)7°>°3 

4)93^4 

Means  = 22,626 

23’3 43 

and  23,285 

If  now  we  take  a mean  of  the  66th  and  99th  experi- 
ments, and  call  the  recoil,  without  a bullet,  10,66  as  before, 
the  velocities  will  turn  out, 


Vent  at  0. 

Vent  at  1,3. 

Vent  at  2,6. 

By  the  recoil 

1416 

I501 

H94 

And  by  the  pendulum 

they  were  1427 

1493 

1494 

The  difference  is  only 

. - 1 1 

+ 8 

+ 34 

The  recoil  was  equally  regular  in  the  117th  and  five  fuc- 
ceeding  experiments,  when  the  charge  was  no  lefs  than  43 7 1 grs. 
= 1 ounce  avoirdupois  in  powder ; and  the  velocities  of  the 
bullets  determined  from  the  recoil  are  very  nearly  the  fame  as 
they  were  (hewn  by  the  pendulum.  Thus,  in  the  1 1 7th, 
11 8th,  and  119th  experiments  the  mean  recoil  was  33,3; 
and  in  the  120th,  121ft  and  I22d  experiments  it  was 

32,866.  And  if  the  recoil  without  a bullet  is  called  17,9,  as 
it  was  determined  by  the  1 23d  experiment,  which  was  made 
immediately  after  the  experiments  before  mentioned,  then  will 
the  velocities  be, 
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Vent  at  o.  Vent  at  2,6 

By  the  recoil  - - 1822  1771 

And  by  the  pendulum  they  were  1764  1751 

The  difference  is  only  - 4-58  and  4-20  feet 

in  a fecond,  which  is  lefs  than  what  frequently  occurs  in  re- 
peating the  fame  experiment. 

In  the  nth,  12th,  13th,  and  14th  experiments,  when  the 
piece  was  fired  with  310  grains  of  powder  and  a bullet,  the 
recoil  was  24,69,  24,95,  24>9>  and  24,9  : and  in  the  15th, 

1 6th,  1 8th,  and  19th  experimentss  with  330  grains  of  pow- 
der, the  recoil  was  26,2,  26,2,  26,3,  and  26,4.  The  regu- 
larity of  thefe  numbers  is  very  {hiking ; and  though  we  ; 
cannot  compare  the  velocities  of  the  bullets  determined  by  the  j 
two  methods  as  wre  have  done  in  other  cafes  (as  there  are  rea- 
fons  to  believe,  that  the  velocities,  as  they  are  fet  down  in  the  ; 
tables,  are  not  much  to  be  depended  on,  and  as  the  recoil,  with 
the  given  charge  of  310  grains  of  powder  without  a bullet,  is  i 
not  known)  yet  the  regularity  of  the  recoil  in  thefe  experi-  j 
meats  affords  good  grounds  to  conclude,  that  the  method  of 
determining  the  velocities  of  bullets  founded  upon  it  muft  be 
verv  accurate. 

But  of  all  the  experiments  thofe  numbered  from  84  to  92- 
inclufive  afford  the  ftrongeft  proof  of  the  accuracy  of  this  me-  j 
thod.  In  thofe  every  poffible  precaution  was  taken  to  prevent  1 
errors  arifing  from  adventitious  circumflances,  and  the  weights 
of  the  bullets  and  their  velocities  were  fo  various,  that  the  uni*  > 
form  agreement  of  the  two  methods  of  determining  the  velo- 
cities in  thofe  trials  amounts  almoft  to  a demon  ftration  of  the 
truth  of  the  principles  upon  which  this  new  method  is  founded. ! 

By 
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By  the  following  table  the  refult  of  thefe  experiments  may 
be  feen  at  one  view. 
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+ 11 

89th 

603 

557.22 

i5,i3 

1224 

1229 

+ 5 

90th 

1184 

283,78 

21,92 

1017 

978 

- 39 

91ft 

*754 

i9I>56 

27,18 

893 

916 

- 23 

92d 

2352 

141,86 

32,25 

812 

833 

— 2r 

The  charge  of  powder  confifted  of  145  grains  in  weight  in, 
each  experiment* 

In  order  to  fihew*  in  a more  ftrikitig  manner,  the  refult  of 
thefe  experiments,  and  the  comparifon  of  the  two  methods  of 
afcertaining  the  velocities  of  bullets,  I have  drawn  the  fig.  16* 
where  the  numbers  that  are  marked  upon  the  line  AB  are  taken 
from  A towards  B,  in  proportion  to  the  weights  of  the  bullets  ; 
while  the  lines  drawn  from  thofe  numbers  perpendicular  from 
AB  (as  w,  V)  for  inftance,  at  the  number  2352)  and  ending  at 
the  curve  c,  d , exprefs  their  velocities,  as  Ihewn  by  the  pendu- 
lum. The  continuation  of  thofe  lines  on  the  oppofite  fide  of 
the  line  AB  fhew  the  recoil,  and  alfo  the  velocities  of  the  bul- 
lets as  determined  from  it;  thus  w,  r,  and  the  (dotted)  lines 
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parallel  to  it,  which  end  at  the  line  g9  /,  exprefs  the  recoil ; 
and  the  portion  of  each  of  thofe  lines  that  is  comprehended  be- 
tween the  line  AB  and  the  curve  m,  n (as  w,  u)  is  as  the  velo- 
city of  the  bullet  in  the  feveral  experiments.  The  line  A,  e, 
denotes  the  weight  of  the  charge  of  powder ; and  the  line 
A,  m , the  velocity  with  which  the  elaftic  fluid  efcapes  out  of 
the  piece,  when  the  powder  is  fired  without  any  bullet. 

Upon  an  infpedion  of  this  figure,  as  well  as  from  an  exami- 
nation of  the  foregoing  table,  it  appears,  that  the  velocities 
determined  by  the  two  methods  agree  with  great  nicety  in  all 
the  experiments  after  the  87th;  but  in  the  87th  experiment, 
and  alfo  in  the  86th,  but  particularly  in  the  85th,  the  dif- 
ference in  the  refult  of  thefe  different  methods  is  very  ccnfi- 
derable  : and  it  is  remarkable,  that  in  thofe  experiments  where 
theydifagree  moft,  the  velocities  of  the  bullets,  as  determined 
by  the  pendulum,  are  extremely  irregular;  while,  on  the  other 
hand,  the  gradual  increafe  of  the  recoil  as  the  bullets  were 
heavier,  and  the  great  regularity  of  the  correfponding  veloci- 
ties, afford  good  grounds  to  conclude,  that  this  difagreement  is 
not  owing  to  any  inaccuracy  in  the  new  method  of  afeertaining 
the  velocities,  but  to  fome  other  caufe  that  remains  to  be  in* 
veftigated. 

But  before  we  proceed  in  this  inquiry,  let  us  feparate  the  five 
laft  experiments  in  the  foregoing  table ; and,  fumming  up  the 
velocities  determined  by  the  two  methods,  we  fhall  fee  by  their 
difference  how  thofe  methods  agreed  upon  the  whole,  in  this 
inftance. 


Expe- 


Experiment?. 
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Weight  of 
the  bullets* 


Grs. 

88th  600 

89th  603 

90th  1184 

92ft  1754 

93d  2^5 2 


Velocity. 


Bv  the 
recoil. 

*! 

By  the 
pendulum. 

I24O 

I 229 

1224 

x 229 

IOI7 

978 

893 

9X6 

8x2 

833 

Sums  and  diff.  of  the  velocities  5186  5185 


Diulrence. 


I I 

5 

+ 39 
~ 2 3 
- 21 


+ 1 


Here  the  difference  in  the  refult  of  the  two  methods  does  not 
amount  to  T^V__th  part  of  the  whole  velocity ; but  I lay  no 
ft  refs  upon  this  extraordinary  argument.  1 am  fenfible  that  it 
muft  in  iome  degree  have  been  accidental but  as  the  difference 
in  the  velocities,  computed  fay  thefe  different  methods,  was  in 
no  inftance  confiderable,  not  being  in  any  cafe,  fo  great  as,  what 
frequently  occurred  in  the  moll  careful  repetition  of  the  fame 
experiment,  and  as  the  velocities,  as  determined  by  the  recoil, 
were  much  more  regular  than  thofe  (hewn  by  the  pendulum,  as 
appears  by  compaiing  the  curves  g-9  f9  and  mr  n , (fig.  16.) 
with  the  crooked  line  c,  d , I think  we  may  fairly  conclude, 
that  this  new  method  may  with  fafety  be  relied  on  in  prafilice. 

Thegreateft  difference  in  the  velocities,,  as  afcertained  by  the 
two  methods,  appears,  in  the  inftance  of  the  85th  experiment, 
where  the  velocity  determined  from  the  recoil  .exceeds  that 
fhewn  by  the  pendulum  by  346  feet  in  a fecond,  the  former  ve- 
locity being  that  of  2109  feet  in  a fecond,  the  latter  only  1763 
feet  in  a fecond  ; and  in  the  two  fucceeding  experiments,  the 
velocities  (hewn  by  the  pendulum  are  likewife  deficient,  though 
not  in.  fo  great,  a degree. 
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This  apparent  deficiency  remains  now  to  be  accounted  for  \ 
and,  firft,  it  cannot  be  fuppofed,  that  it  arofe  from  any  imper- 
fection in  Mr.  robins’s  method  of  determining  the  velocities  of 
bullets  ; for  that  method  is  founded  upon  fuch  principles  as  leave 
no  room  to  doubt  of  its  accuracy  ; and  the  pra&ical  errors  that 
occur  in  making  the  experiments,  and  which  cannot  be  intirely 
prevented,  or  exactly  compen fated,  are  in  general  fo  fmall,  that 
the  difference  of  the  velocities  in  queftion  cannot  be  attributed 
to  them.  It  is  true,  the  effedt  of  thofe  errors  is  more  likely 
to  appear  in  experiments  made  under  fuch  circumftances  a9 
thofe  under  which  the  experiments  we  are  now  fpeaking  of 
were  made,  than  in  any  other  cafe ; for  the  bullets  being  very 
light,  the  arc  of  the  afcent  of  the  pendulum  was  but  fmall, 
and  a fmall  miftake  in  meafuring  the  chord  upon  the  ribbon 
would  have  produced  a very  confiderable  error  in  computing  the 
velocity  of  the  bullet : thus,  a difference  of  one  tenth  of  an 
Inch,  more  or  lefs,  upon  the  ribbon  in  the  85th  experiment, 
would  have  made  a difference  in  the  velocity  of  more  than  1 20 
feet  in  a fecond.  But  independent  of  the  pains  that  were 
taken  to  prevent  miftakes,  the  ftriking  agreement  of  the  ve- 
locities determined  by  the  two  methods  in  the  experiments 
which  immediately  follow,  as  alfo  in  all  other  cafes  where  they 
could  be  compared,  affords  abundant  reafon  to  conclude,  that 
the  errors  arififtg  from  thofe  caufes  were  in  no  inftance  very 
confiderable. 

But  if  both  methods  of  afceftaming  the  velocities  of  bullets 
are  to  be  relied  on,  then  the  difference  of  the  velocities,  as  de- 
termined by  them  in  thefe  experiments,  can  only  be  accounted 
for  by  fuppofing  that  it  arofe  from  their  having  been  diminiflied 
by  the  refiftance  of  the  air  in  the  paffage  of  the  bullets  from 
the  mouth  of  the  piece  to  the  pendulum  ; and  this  fufpicion 
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will  be  much  ftrengthened  when  we  confider  how  great  the 
refiftance  is  that  the  air  oppofes  to  bodies  that  move  very  fwiftly 
in  it,  and  that  the  bullets  in  thefe  experiments  were  not  only 
projected  with  great  velocities,  but  were  alfo  very  light,  and 
confequentiy  more  liable  to  be  retarded  by  the  refinance  on  that 
account. 

To  put  the  matter  beyond  all  doubt,  let  us  fee  what  the  re- 
fiftance was  that  thefe  bullets  met  with,  and  how  much  their 
velocities  were  diminished  by  it.  The  weight  of  the  bullet  (in 
the  85th  experiment)  was  90  grains  ; its  diameter  was  0,78  of 
an  inch,  and  it  was  projected  with  a velocity  of  2109  feet  in  a 
fecond. 

If  now  a computation  be  made  according  to  the  method  laid 
down  by  Sir  Isaac  newton  for  comprelfed  fluids,  it  will  be 
found,  that  the  refiftance  to  this  bullet  was  not  lefs  than  8f 
lbs.  avoirdupois,  which  is  fomething  more  than  660  times  Its ^ 
weight.  But  Mr.  robins  has  fhewn,  by  experiment,  that 
the  refiftance  of  the  air  to  bodies  moving  in  it  with  very  great: 
velocity  is  near  three  times  greater  than  Sir  Isaac  has 
determined  it,  and  as  the  velocity  with  which  this  bullet  was 
impelled  is  confiderably  greater  than  any  in  Mr.  robins’s  expe- 
riments, it  is  highly  probable,  that  the  refiftance  in  this  in- 
ftance  was  at  leaft  2000  times  greater  than  the  weight  of  the 
bullet. 

The  diftance  from  the  mouth  of  the  piece  to  the  pendulum,, 
as  we  have  before  obferved,  was  12  feet;,  but,  as  there  is  rea- 
fon  to  think,  that  the  blaft  of  the  powder,  which  always  fol- 
lows the  bullet,  continues  to  aft  upon  It  for  fome  fenfible  fpace 
of  time  after  it  is  out  of  the  bore,  and  by  urging  it  on  coun- 
ter-balances, or  at  leaft  counter-afts  in  a great  meafure  the 
refiftance  of  the  air,  we  will  fuppofe,  that  the  refiftance  does 
1 not 
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not  begin,  or  father  that  the  motion  of  the  bullet  does  not 
begin  to  be  retarded,  till  it  has  pot  to  the  diftance  of  two  feet 
from  the  muzzle.  The  diftance,  therefore,  between  the  barrel 
and  the  pendulum,  inftead  of  12  feet,  is  to  be  eftimated  at  10 
feet ; and  as  the  bullet  took  up  about  part  of  a fecond  in 
running  over  that  fpace,  it  muft  in  that  time  have  loft  a velo- 
city of  about  335  feet  in  a fecond,  as  will  appear  upon  making 
the  computation,  and  this  will  very  exa&ly  account  for  the 
apparent  diminution  of  the  velocity  in  the  experiment ; for  the 

difference  of  vthe  velocities,  as  determined  by  the  recoil  and  by 
- • / . f: 

the  pendulum,  = 21  op  - ^763  — 346  feet  in  a fecond,  is  ex- 
tremely near  33,5  feet  in  a fecond,  the  diminution  of  the  velo- 
city, hy. the  reiiftapcevas  here  determined. 

If  the  diminution  qf  the  velocities  of  the  bullets  in  the  two 

i*.  U • ....  t*.3  O ; t}  Vtt  .<  - •.  • ; - v ’ : / . ...  , '(  ■ • , 

fuhle^uent  experiments  be  computed  in  like  manner,  it  will 

turn  out  in  the  8(kh  experiment  — 6<  feet  in  a fecond.  and  in 
■ ■ • ; • . p , d . . y i 

the  87th  .experiment  = 33  feet  in  a .fecond  ; and  making  thefe 

corre.£t;lopS|  t h e . c o m p a r i fo n q f thp  two  methods  of  afcertaining 


the  velocities^:! 


thus 


’ - c ’>  ••  . : ffph  exp. 

Velocities  fhewu  by 'the  pendulum,  1 7 63 
Add  the  diminution  of  the  velocity']  - '• 

’ r 3 3 5 

by  the  refinance  of  the. air. 


J 
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Velocity  by  the  recoil, 
The  difference 


‘ul: 


2G98 

2169 

+ 11 


86th  exp. 

87  th  exp« 

*9'7- 

1136 

65 

33 

1382 

I 169 

143° 

1288 

+ 48 

+ 119 

> .v.  ii.  ’ I 

So  that  it  appears,  not  withftan  ding  thefe  corredtions,  that 
the  velocities  in  the  86th  and  87th  experiments,  and  particu- 
larly in  the  laft,  as  they  were  determined  by  the  pendulum,  are 

ftill 
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ftill  confiderably  deficient.  But  the  manifeft  irregularity  of  the 
velocities  in  thofe  inftances  affords  abundant  reafon  to  conclude, 
that  it  muff  have  arifen  from  fome  extraordinary  accidental 
caufe,  and  therefore,  that  little  dependance  is  to  be  put  upon 
the  refult  of  thofe  experiments.  I cannot  take  upon  me  to 
determine  pofitively  what  the  caufe  was  which  produced  this 
irregularity ; but  I ftrongly  fufpeCt,  that  it  arofe  from  the 
breaking  of  the  bullets  in  the  barrel  by  the  force  of  the  explo- 
lion : for  thefe  bullets*  as  has  already  been  mentioned,  were 
formed  of  lead,  inciofmg  leffer  bullets  of  plafter  of  Paris ; 
and  I well  remember  to  have  obferved  at  the  time  feveral  fmall 
fragments  of  the  plafter  which  had  fallen  down  by  the  fide  of 
the  pendulum.  I confefs,  I did  not  then  pay  much  attention  to 
this  circumftance,  as  I naturally  concluded,  that  it  arofe  from 
the  breaking  of  the  bullet  in  penetrating  the  target  of  the  pen- 
dulum, and  that  the  fmall  pieces  of  plafter  I faw  upon  the 
ground  had  fallen  out  of  the  hole  by  which  the  bullet  entered. 
But  if  the  bullets  were  not  abfolutely  broken  in  pieces  in  firing, 
yet,  if  they  were  confiderably  bruifed,  and  the  plafter  or  a part 
of  it  were  feparated  from  the  lead,  fuch  a change  in  their  form 
might  produce  a great  increafe  of  the  refiftance,  and  even  their 
initial  velocities  might  be  affeCted  by  it,  for  their  form  being 
changed  from  that  of  a globe  to  fome  other  figure,  they  might 
not  fit  the  bore,  and  a part  of  the  force  of  the  charge  might 
be  loft  by  the  windage. 

That  this  actually  happened  in  the  87th  experiment  feems 
very  probable,  as  the  velocity  with  which  the  bullet  was  pro- 
jected, as  it  was  determined  by  the  recoil,  is  confiderably  lefs 
in  proportion  in  that  experiment  than  in  either  of  thofe  that 
precede  it  in  that  fet,  or  in  thofe  which  follow  it,  as  will  ap- 
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pear  upon  infpecling  the  curvature  of  the  line  m , ?/,  fig.  16. 
But  1 forbear  to  infill  further  upon  this  matter. 

As  I have,  made  an  allowance  for  the  refinance  of  the  air  in 
thefe  experiments,  it  may  be  expected  that  1 flrould  do  it  in  aii' 
other  cafe but,  I think,  it  will  appear  upon  enquiry,  that 
the  diminution  of  the  velocities-  of  the  bullets  on  that  account 
was  in  general  fo-inconfiderabje  that  it  might  fafely  be  ueg- 
ledied  : thus,  for  inftance,  in  the  experiments  with  an  ounce 
of  powder,  when  the  velocity  of  the  bullet  was  more  than 
1 750  feetin  a fecobd,  diminution  turns  out  no*  more  than 
about  25  or  30  feet  in  a-  ifecond,  though- we  fuppofe  the  full 
re fi fiance  to  have  begun*  fid  near  as  two  feet  from  the  month  of 
the  piece  ; and  in  all  Gaffes  where  the  velocities  were  lefs,  the 
effecbof  the  refiflance  was  lefs  in  a much  greater  proportion  : 
and  even  in  this  inftance  there  is  reafion  to  think,  that*  the  di- 
minution of  the  velocity  as  we  have  determined  it  is  too  great ; 
for  the  flame  of  gun-powder  expands  with  f'uch  an  amazing 
rapidity,  that  it  is  fcarcely  to  be  fuppofed  but  that  it  follows 
the  bullet,  and  continues  to  afl  upon  it  more  than  two  feet,  or 
even  four  feet,  from  the  gun,  and  when  the  velocity  of  the 
bullet  is  lefs,  its  action  upon  it  mu  ft:  be  fenfible  at  a frill 
greater  diftanse. 


With  218  grains  of  powder  the  recoil  appears  to  have  been 
very  uniform  ; but  if  the  velocities  of,  the  bullets  are  deter- 
mined from  the  recoil  in  the  40th  and  feven  following  experi- 
ments, when  this  chargevvas  made  ufe  of,  and  from  the  recoil 
without  a bullet  in  the  73d  and  73d  experiments,  the  velocities 
will  turn  out  confiderabiy  too  fmall,  as  we  Avail  fee  by  making 
the  computation. 
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Vent  at  o.  Vent  at  1,3. 

/■40th  exp.  was  18,  and  in  the  43d  exp.  it  was  18,3 

The  re-]  ' 1 7*7r  ’ 44th  - 18,35 

coilin  the  I 42d  - 17,91  ~ 45th  - *8,35 

[47th  - 8,1  - 46th  - 18,35 

4)7^72  4)73,35 

Means—  17,93  and  18,34 


And  in  the  yed  and  73d  experiments  the  recoil,  with  the 
fame  charge  without  a bullet,  was  8,72,  and  8,47  — 8, 595  at 
a medium,  the  velocities  therefore  turn  out, 

Vent  at  o.  Vent  at  1,3. 

By  the  recoil  1105  - 1153 

inftead  of  122 5 and  1276  as  they  were  fhewn  by  the  pend. 

The  difference  120  and  123  feet  in  a fec.oud  amounts  to  near 
one  twelfth  part  of  the  whole  velocity. 

This  difference  is  undoubtedly  owing  to  the  recoil  without  a 
bullet  being  taken  too  great  ; for  it  is  not  only  greater  than  it 
ought  to  be,  in  order  that  the  velocities  of  the  bullets  may 
come  out  right ; but  it  is  confiderably  greater  in  proportion 
than  the  recoil  with  any  other  charge. 

Q n • p'  7 0 • - ' h'  \-r  :WT'  \l  JO  \ v 

Thus,  with  145  grains  of  powder  the  recoil  was  4,4 
with  165  grains  - it  was  5,55 

290  grains  - - - 10,66 

33°  grains  - - - 12,7 

and  with  437}  grains  - - - it  wa,s  17,9 

And  if  the  recoil  with  218  grains  is  determined  from  thefe 
numbers  by  interpolation,  it  comes  out  7,5  ; and  with  that 
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value  for  C the  velocities  of  the  bullets  in  the  before  men- 
tioned experiments  appear  to  be, 


Vent  at  c.  Vent  at  1,3, 

1243  • and  1283  by  the  recoil 
which  is  extremely  near  1223  and  1276  the  velocities 
fhewn  by  the  pendulum. 

It  is  to  be  remembered,  that  the  7 2d  and  7 3d  experiments,  from 
which  we  before  determined  the  recoil  with  the  given  charge 
of  powder  without  a bullet,  were  not  made  upon  the  fame  day 
with  the  experiments  before  mentioned  ; and  it  is  well  known, 
that  the  force  of  powder  is  different  upon  different  days.  And 
it  is  worthy  of  remark,  that  in  thofe  two  experiments  the 
ftrength  of  government  powder  appeared  to  be  confiderably  the 
greateft.  I ntention  thefe  circumftaaces  tofhew  the  probability 
there  is,  that  the  recoil  in  thofe  experiments,  from  fome  un- 
known caufe,  was  greater  than  it  ought  to  have  been,  or  ra- 
ther than  it  would  have  been,  had  the  experiments  been  made 
at  the  fame  time  when  the  experiments  with  the  bullets  were 
made  ; or  at  any  other  time  under  the  fame  circumftances. 

As  this  method  of  determining  the  velocities  of  the  bullets 
did  not  occur  to  me  till  after  I had  finilhed  the  courfe  of  my 
experiments,  and  had  taken  down  my  apparatus,  I have  not 
had  ah  opportunity  of  afcertaining  the  recoil,  with  and  with- 
out a bullet,  with  that  degree  of  precifion  that  I could  wifh. 
If  I had  thought  of  it  foorier,  or  if  I had  recollected  that  paf- 
fage  in  Mr.  rObinVs  new  Principles  of  Gunnery,  where  he 
faysff  The  part  of  the  recoil',  afifing  from  the  expanfion  of 
“ the  powder  alone,  is  found  to  be  no  greater  when  it  impels 
“ a leaden  bullet  before  it,  than  when  the  fame  quantity  is  fired 
“ without  any  wad  to  confine  it I fay,  if  that  paffage  had 

occurred 
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occurred  to  me  before  it  had  been  too  late,  I xertainly  ftiould 
have  taken  fome  pains  to  have  afcertained  the  fait ; but  as  it  is, 
I think,  enough  has  been  done  to  fhew,  that  there  is  the 
greateft  probability  that  the  velocities  of  bullets  may  in  all 
cafes  be  determined  by  the  recoil  with  great  accuracy;  and  I 
hope  foon  to  have  it  in  my  power  to  put  the  matter  out  of  all 
doubt,  and  to  verify  this  new  method  by  a courfe  of  conclu- 
five  experiments  which  I am  preparing  for  that  purpofe. 

In  the  mean  time  I would  juft  obferve,  that  if  this  me- 
thod fhould  be  found  to  anfwer,  when  applied  to  mufket  bul- 
lets, it  cannot  fail  to  anfwer  equally  well  when  it  is  applied  to 
cannon  balls  and  bomb  fhells  of  the  largeft  dimenfions ; and  it 
is  apprehended,  that  it  will  be  much  preferable  to  any  method 
hitherto  made  public;  not  only  as  it  may  be  applied  indif- 
ferently to  all  kinds  of  military  projedliles^  and  that  with  very 
little  trouble  or  expence  in  making  the  experiment ; but  alfo 
becaufe  by  it  the  velocities  with  which  bullets  are  attuallj  pro- 
jetted  are  determined  ; whereas  by  the  pendulum  their  velocities 
can  only  be  afcertained  at  fome  diftance  from  the  gun,  and 
after  they  have  loft  a part  of  their  initial  velocities  by  the  refill- 
ance  of  the  air  through  which  they  are  obliged  to  pafs  to  arrive 
at  the  pendulum. 

At  the  trifling  expence  of  ten  or  fifteen  pounds  an  apparatus 
might  be  conftrufted  that  would  anfwer  for  making  the  experi- 
ments with  all  the  different  kinds  of  ordnance  in  the  Britilh 
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fervice.  The  advantages  that  might  be  derived  from  fuch  a 
fet  of  experiments  are  too  obvious  to  require  being  mentioned. 
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Of  a 'very  accurate  method  of  proving  gun-powder. 

Ail  the  eprouvettes , or  powder-triers,  in  common  ufe  are  de- 
fective in  many  refpects.  Neither  the  abfolute  force  of  gun- 
powder can  be  determined  by  means  of  them,  nor  the  compa- 
rative force  of  different  kinds  of  it,  but  under  circumftances 
very  different  from  thole  in  which  the  powder  is  made  ufe  of 
in  fervice. 

As  the  force  of  powder  arifes  from  the  action  of  an  elaftic 
fluid  that  is  generated  from  it  in  its  inflammation,  the  quicker 
the  charge  takes  fire,  the  more  of  this  fluid  will  be  generated 
in  any  given  fhort  fpace  of  time,  and  the  greater  of  courfe  will 
be  its  effedt  upon  the  bullet.  But  in  the  common  method  of 
proving  gun-powder,  the  weight  by  which  the  powder  is  con- 
fined is  fo  great  in  proportion  to  the  quantity  of  the  charge, 
that  there  is  time  quite  fufficient  for  the  charge  to  be  all  in- 
flamed, even  when  the  powder  is  of  the  floweft  compofition, 
before  the  body  to  be  .put  in  motion  can  be  fenfibly  removed 
from  its  place.  The  experiment,  therefore,  may  fhew  which 
of  two  kinds  of  powder  is  the  ftrongeft,  when  equal  quantities 
of  both  are  confined  in  equal  fpaces,  and  completely  inflamed  ; 
but  the  degree  of  the  inflammability,  which  is  a property  effen- 
tial  to  the  goodnefs  of  the  powder,  cannot  by  thefe  means  be 
afcertained. 

Hence  it  appears,  how  powder  may  anfwer  to  the  proof, 
fuch  as  is  commonly  required,  and  may  neverthelefs  turn  out 
very  indifferent  when  it'  comes  to  be  ufed  in  fervice.  And  this, 

I believe,  frequently  happens;  at  lead:  I know  complaints 
from  officers  of  the  badnefs  of  our  powder  are  very  common ; 
and  I would  fuppofe  that  no  powder  is  ever  received  by  the 
6 Board 
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Board  of  Ordnance  but  fuch  as  has  gone  through  the  efta- 
biifhed  examination,  and  has  anfwered  to  the  ufual  teft  of  its 
being  of  the  ftandard  degree  of  ftrength. 

But  though  the  common  powder-triers  may  fhew  powder 
to  be  better  than  it  really  is,  they  never  can  make  it  appear  to 
be  worfe  than  it  is-;  it  will  therefore  always  be  the  intereft  of 
thole  who*  manufacture  that  commodity  to  adhere  to  the  old 
method  of  proving  it.  But  the'purchafer'will  find  his  account 
in  having  it  examined  in  a method  by  which  its  goodhefs  may 
be  -afcertained  with  greater  precifion. 

The  method  I would  recommend  is. as  follows.  A quantity 
of  powder  being  provided,  which,  from  any  previous  examh 
nation  or  trial,  is  known  to  be  of  a- proper  degree  of  ftrength  to 
ferve  as  a ftandard  for  the  proof  of  other  powder,  a given  charge 
of  it  is  to  be  fired,  with  a fit  bullet,  in  a barrel  fufpended  by 
two  pendulous  rods,  according  to  the  method  before  defcribed, 
and  the  recoil  is  to  be  carefully  meafured  upon  the  ribbon.  And 
this  experiment  being  repeated  three  or  four  times ; or  oftener  if 
there  is  any  difference  in  the  recoil,  the  mean  and  the  extremes 
of  the  chords  , may  be  marked  upon  the  ribbon  by  black  lines 
drawn  acrofs  it,  and  the  word  proof  may  be  written  upon  the 
middle  line;  or  if  the  recoil  is  uniform  (which  it  will  be  to  a 
fufficient  degree  of  accuracy,  if  care  is  taken  to  make  the  ex- 
periments under  the  fame  circumftances)  then  the  proof  mark 
is  to  be  made  in  that  part  of  the  ribbon  to  which  it  was  con-- 
ftantly  drawn  out  by  the  recoil  in  the  different  trials. 

The  recoil,  with  a known  charge  of  ftandard  powder,  being 
thus  afcertained  and  marked  upon  the  ribbon,  let  an  equal 
quantity  of  any  other  powder  (that  is  to  be  proved)  be  fired  in. 
the  fame  barrel,  with  a bullet  of  the  fame  weight,  and  every 
other  circumftance  alike,  and  if  the  ribbon  is  drawn  out  as 

far 
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far  or  farther  than  the  proof  mark,  the  powder  is  as  good  or 
better  than  the  ftandard ; but  if  it  falls  Ihort  of  that  diftance, 
it  is  worfe  than  the  ftandard,  and  is  to  be  rejeded. 

For  the  greater  the  velocity  is  with  which  the  bullet  is  im- 
pelled, the  greater  will  be  the  recoil ; and  when  the  recoil  is 
the  fame,  the  velocities  of  the  bullets  are  equal,  and  the  pow- 
der is  of  the  fame  degree  of  ftrength,  if  the  quantity  of  the 
charge  is  the  fame.  And  if  care  is  taken  in  proportioning  the 
charge  to  the  weight  of  the  bullet,  to  come  as  near  as  pofiible 
to  the  medium  proportion  that  obtains  in  pradice,  the  deter- 
mination of  the  goodnefs  of  gun-powd'er  from  the  refult  of 
this  experiment  cannot  fail  to  hold  good  in  adual  fervice. 

Fig.  1 4.  reprefents  the  propofed  apparatus,  drawn  to  a fcale 
of  one  foot  to  the  inch,  a , br  is  the  barrel  fufpended  by  the 
pendulous  rods  c,  d ; and  r is  the  ribbon  for  meafuring  the 
» recoil. 

The  length  of  the  bore  is  30  inches,  and  its  diameter  is  one 
inch,  consequently  it  is  juft  30  calibres  in  length,  and  will 
carry  a leaden  bullet  of  about  3 ounces. 

The  barrel  may  be  made  of  gun  metal,  or  of  caft  iron  as 
that  is  a cheaper  commodity  ; but  great  care  muft  be  taken  in 
boring  it,  to  make  the  cylinder  per  fed  ly  ftrait  and  fmooth,  as 
well  as  to  preferve  the  proper  dimenfions.  Of  whatever  metal 
the  barrel  is  made,  it  ought  to  weigh  at  leaft  50  lbs.  in  order 
that  the  velocity  of  the  recoil  may  not  be  too  great ; and  the 
rods  by  which  it  is  fufpended  fhould  be  five  feet  in  length.  The 
vent  may  be  about  one  twentieth  of  an  inch  in  diameter  ; and  it 
fhould  be  bouched or  lined  with  gold,  in  the  fame  manner  as  the 
touch-hole  is  made  in  the  better  kind  of  fowling  pieces,  in 
order  that  its  dimenfions  may  not  be  increafed  by  repeated 
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The  bullets  (hould  be  made  to  fit  the  bore  with  very  little 
windage ; and  it  would  be  better  if  they  were  all  caft  in  the 
lame  mould,  and  of  the  fame  parcel  of  lead,  as  in  that  cafe 
their  weights  and  dimenfions  would  be  more  accurately  the 
fame,  and  the  experiments  would  of  courfe  be  more  conclu  five. 

The  ftated  charge  of  powder  may  be  half  an  ounce,  and  it 
fliould  always  be  put  up  in  a cartridge  of  very  fine  paper ; and 
after  the  piece  is  loaded  it  fhould  be  primed  with  other  powder, 
firil  taking  care  to  prick  the  cartridge  by  thrufting  a priming 
wire  down  the  vent. 

As  it  appears,  from  feyeral  experiments  made  on  purpofe  to 
afcertain  the  faft,  that  ramming  the  powder  more  or  lefs  has  a 
very  fenfible  effecl  to  increafe  or  diminilh  the  force  of  the 
charge  ; to  prevent  any  inaccuracies  that  might  arife  from  that 
caufe,  a ram-rod,  fuch  as  is  reprefented  fig.  15.  may  be  made 
ufe  of.  It  is  to  be  made  of  a cylindric  piece  of  wood  in  the 
fame  manner  as  ram- rods  in  general  are  made,  but  with  the 
addition  of  a ring  C,  about  one  inch  and  a half,  or  two  inches 
in  diameter,  which,  being  placed  at  a proper  diftance  from  the 
end  [a)  of  the  ram-rod  that  goes  up  into  the  bore,  will  prevent 
its  being  thruft  up  too  far.  This  ring  may  be  made  of  wood, 
or  of  any  kind  of  metal  as  Hull  be  found  moft  convenient. 
The  other  end  of  the  ram-rod  (£)  may  be  31  or  32  inches  in 
length  from  the  ring,  and  the  extremity  of  it  being  covered 
with  a proper  fubftance,  it  may  be  made  ufe  of  for  wiping  out 
the  barrel  after  each  experiment. 

The  machine  ( f)  for  the  tape  to  Hide  through  may  be  the 
fame  as  is  defcribed  by  Dr.  hutton  in  his  account  of  his  expe- 
riments on  the  initial  velocities  of  cannon  balls  ; as  his  me- 
thod is  much  better  calculated  to  anfwer  the  purpofe  than  that 
propofed  and  made  ufe  of  by  Mr.  robins.  It  will  alfo  be 
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better,  for  the  axis  of  the  pendulous  rods  to  reft  upon  level 
pieces  of  wood  or  iron,  than  for  them  to  move  in  circular 
grooves  : only  care  muftbe  taken  to  confine  them  by  ftaples  or 
foine  other  contrivance,,  to  prevent  their  flipping  out  ol  their 


places. 


The  trunnions,  by  means  of  which,  the  barrel  is  connected 
\vith  the  pendulous  rods,  arid  upon  which  it  is  lupported, 
fhould  be  as  fmall  as  poffible,  in  order  to  leffen  the  friction  ; 
and  for  the  fame  realbn  they  fhould  be  well  polifhed,  as  well  as 
the  grooves  that  receive  them..  They  need  not  be  caft  upon  the 
barrel,  but  may  be  fcrewed  into  it  after  it  is  finifhed. 

In  making,  the  experiments,  regard  muft  be  had  to  the  heat 
of  the  barrel,  as  well  as  to  the  temperature  of  the  atmolphere  ; 
for  Jjpat  and  coljd^' drynefs  and  moifture,  have  a very  fenfible 
effect  upon  gun-powder  to  increafe  or  diminifh  its  force.  If 
therefore j a vsry  great  degree  of  accuracy  is  at  anytime  re- 
quired^ it  wiljt  tie  heft  to  begin  by  firing  the  piece  two  or  three 
tjpies  iperely  to  warm  it ; after  which  three  or  four  experi- 
ments may  be  made  witli  ftandard  powder,  to  determine  anew 
..the,prppf  mark  (tor  the  ftrength  of  the  fame  powder  is  dif- 
fereiit  upon  different  days)  ; and  when  this  is  done,  the  experi- 
ment sv  with  th^:  powder  that  is  to  be  proved  are  to  be  made, 
taking  care  topreferve  the  fame  interval  of  time  between  the 


firings.,  that  the  heat  of  the  piece  may  be  the  fame  in  each 

trial. 


„ If ^11 ^ thefe  precautions  are  taken,.,  and  if  the  bullets  are  of 
the.  fame  weight  and  dimerifioiis,  powder  may  be  proved  by 
, x this  method  with  much  greater  accuracy  than  has  hitherto  been 
done  by  any  of  the.  common  methods,  made  ufe  of  for  that 


gurpofe. 
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Let  V denote  the  velocity  of  the  bullet  with  the  ftrbriger 
powder,  and  put  v equal  to  the  velocity  with  the  weaker, 
when  the  charges  are  equal,  and  the  weight  and  dimeniiohs  of 
the  bullets  are  the  fame,  and  when  they  are  difcharged  ' from 
the  fame  piece.  If  the  charge  is  augmented  when  the  Maker 
powder  Is  made  ufe  of,  till  the  velocity  of  the  bullet  is  ih- 
creafed  from  v to  V,  or  becomes  equal  to  the  velocity  with  tlte 
given  charge  of  the  ftronger  powder,  the  value  of  the  charges 
may  then  be  fa  id  to  be  equal  ; and  coufl  quen  tly  the  Weaker 
. powder  is  as  much  worfethan  the  ftron^ej-*  or  is  of  lefs  Value 
in  proportion  as  the  quantity  of  it  required  by  the  pound,  to 

'produce  the  given  effect  is  greater.  _ . 

But  it  is  well  known,  that  the  velocities,  with  different 
■ quantities  of  the  fame  kind  of  powder,  are  in  the  fub-duplicate 
ratio  of  the  weights  of  the  charges.  The  charges,  therefore, 
muft  be  as  the  fquares  of  the  velocities,  and  confequently  the 
' charge  of  the  weaker  powder  muft  be  to  that  of  the  ftronger, 
when  the  velocities  are  equal,  as  VV  is  to  m.  The  weaker 
powder  is  therefore  as  much  worfe  than  the  ftronger  aS  VV  is 
greater  than  vv ; or  the  comparative  goodnefs  of  powder,  of 
different  degrees  of  ftrength,  is  as  the  fquares  of  the  velocities 
of  the  bullets  when  the  charges  are  equal. 

The  mean  velocity  of  the  bullets,  as  fhewn  by  the  pen- 
dulum in  the  104th  and  , 105*  experiment?,  when  the  piece 
.was  fired  with  145  grains  of  government  powder,  was  894  w 
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in  a fecond ; and  with  the  fame  quantity  of  double  proof  * bat- 
tle powder  (experiment  N°  106)  the  velocity  was  990  feet  in  a 
fecond.  Now  the  fquares  of  thefe  velocities,  which,  as  we 
juft  obferved,  meafure  the  goodnefs  of  the  powder,  are  to  eacl; 
other  as  1 is  to  1,2263,  or  nearly  as  5 is  to  6. 

With  218  grains  of  government  powder,  the  mean  ve- 
locity in  four  experiments  (viz.  the  40th,  41ft,  42d,  and  43d) 
was  1225  feet  in  a fecond ; and  in  the  experiment  N°  107, 
when  the  fame  quantity  of  double  proof  battle  powder  was 
made  ufe  of,  the  velocity  was  1380  in  a fecond;  and 
1225  is  to  1380  as  1 *s  1,2691* 

With  290  grains,  or  half  the  weight  of  the  bullet  in  go- 
vernment powder  in  the  109th,  noth,  mth,  and  112th 
experiments,  the  mean  velocity  of  the  bullet  was  1444  feet 
in  a fecond ; but  with  the  fame  quantity  of  the  battle  powder 
(experiment  N°  1 1 6.)  the  velocity  was  1525  feet  in  a fecond; 

■ 2 . 2 

1444  1S  to  1525  , as  1 is  to  1,1153. 

By  taking  a medium  of  thefe  trials  it  appears,  that  double 
proof  battle  powder  is  better  than  government  powder  in  pro- 
portion as  1,2036  is  to  1,  or  nearly  as  6 is  to  5. 

But  if,  inftead  of  weighing  the  powder,  we  eftimate  the 
quantity  of  the  charge  by  meafurement,  or  thefpace  it  occupies 
in  the  bore  of  the  piece,  the  comparative  ftrength  of  battle 
powder  will  appear  to  be  confiderably  greater,  or  its  ftrength 
will  be  to  that  of  government  powder  nearly  as  4 is  to  3 ; for  the 
grains  of  this  better  kind  of  powder  being  more  compact  and 
nearly  of  a fpherical  form,  a greater  weight  of  it  will  lie  in  any 

* This  is  called  battle  powder,  not  becaufe  it  is  ufed  in  battle  or  in  war ; but 
from  Battle , the  name  of  a village  in  Kent,  where  that  kind  of  powder  is  made. 
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given  ipace  than  of  government  powder,  which  is  formed  rrfore 
loofely,  and  of  Various,  and  of  very  irregular  figures. 

..  Now  the  common  price  of  double  proof  battle  powder,  as. 
it  is  fold  by  the  whoieiale  dealers  in  that  commodity,  is  at  the 
rate  of  f.  10  per  cwt*  net,  which  is  juft  two  fhiilings  by  the 
pound  ; while  government  powder  is  fold  at^f.  5 jr.  per  hun- 
dred, or  one  hulling  and_%,th4of  a penny  per  pound;  hut  bat- 
tle powder  is  better  than  government  powder  only  in  the  pro- 
portion of  1,2036  to  1,  or  of  one  (hilling  and  two  pence  to 
one  (hilling  and  ^I  th  of  a penny ; battle  powder  is  therefore 
fold  at  the:  rate  of  ten  pence  by  the  pound,  or  41  - per  cent. 
dearer  than  it  ought  to  be  ; or  thofe,  who  make  ufe  of  it  in  preT- 
ference  to  government  powder,  do  it  at  a certain  lofs  of  41^ 
per  cent . of  the  money  that  the  powder  cofts  them.  • 

Of  the  relation  of  the  velocities  of  bullets  to  their  <w  eights 

According  to  Mr.  robins’s  theory,  when  bullets  of,  the  fame  ‘ 
diameter,  but  different  weights,  are-  difeharged  from  the  fame 
piece  by  the  fame  quantity  of  powder*  their  velocities  (hould  be 
in  the  reciprocal  fub-duplicate  ratio  of  their  weights ; but  as 
this  theory  is  founded  upon  a fuppofition  that  the  adrion  of  the 
elaftic  fluid,  generated  from  the  powder,  is  always  the  fame  in 
any  and  every  given  part  of  the  bore  when  the  charge  is  the 
fame,  whatever  may  be  the  weight  of  the  bullet ; and  as  no 
allowance  is  made  for  the  expenditure  of  force  required  to  put 
the  fluid  itfelf  in  motion,  or  for  the  lofs  of  it  by  the  vent ; it  is 
plain  that  the  theory  is  defedtive. . It  is  true,  Dr.  HU'TTON  in  his 
experiments  found  this  law  to  obtain  without  any  great  error,  * 
and  pcrfflbly  it  may  hold  good  with  fufficient  accuracy  in  many 
cafes;  for  it  fometimes  happens  that  a number  of  errors  or 

adtions,  * 
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actions,  whofe  operations  have  a contrary  tendency,  fo  compen- 
iate  each  other,  that  their  effects  when  united  are  not  fenfible. 
But  when  this  is  the  cafe,  if  any  one  of  the  caufes  of  error  is 
removed,  thofe  which  remain  will  he  detected. 

When  any  given  charge  is  loaded  with  a heavy  bullet,  more 
of  the  powder  is  inflamed  in  any  very  lhort  fpace  of  time  than 
when  the  bullet  is  lighter,  and  the  aftion  of  the  powder  ought 
of  courfe  to  be  greater  on  that  account ; but  then  a heavy  bul- 
let takes  up  more  time  in  pafling  through  the  bore  than  a light 
one,  and  eonfequently  more  of  the  elaftic  fluid,  generated  from 
the  powder,  efcapes  by  the  vent  and  by  windage.  It  may  hap- 
pen, that  the  augmentation  of  the  force,  on  account  of  one  of 
•thefe  circumftancesj  may  exactly  counterbalance  the  diminution 
of  it  ariling  from  the  other;  and  if  it  fliould  be  found  upon 
trial  that  this  is  the  cafe  in  general,  in  pieces  as  they  are  now 
■conftm&ed,  and  with  all  the  variety  of  fhot  that  are  made  ufc 
of  in  practice,  it  would  be  of  great  ufe  to  know  the  fa£t : and 
poffibly.it  might  anfwer  as  well,  as  far  as  it  relates  to  the  art  of 
gunnery,  as  if  we  were  perfectly  acquainted  with,  and  were 
able  to  appreciate,  the  effect  of  each  varying  circumftance  under 
which  an  experiment  can  be  made.  But  when,  concluding  too 
haftily  from  the  refult  of  a partial  experiment,  we  fuppofe 
with  Mr.  robins,  that  becaufe  the  fum  total  of  the  action  or 
prefiure  of  the  elaftic  fluid  upon  the  bullet,  during  the  time  of 
its  paflage  through  the  bore,  happens  to  be  the  fame  when  bul- 
lets of  different  weights  are  made  ufe  of  (which  collective 
preffure  is  in  all  cafes  proportional  to,  and  is  accurately  mea- 
sured by,  the  velocity,  or  rather  motion,  communicated  to  the 
bullet;)  that  therefore  the  preffure  in  any  given  part  is  always 
exa&ly  the  fame,  when  the  quantity  of  powder  is  the  fame 
with  which  the  piece  is  fired ; and  from  thence  endeavour  to 

prove. 
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prove,  that  the  inflammation  of  gun -powder ri^  inftantaheous, 
or  that  the  whole  charge  is  in.  all  cafes  inflamed,  and  4:4  cori- 
46  verted  into  an  elaftic  fluid' before  the  bullet  i's  fenfibly*  ftioved 
46  from  its  place fuch  reafonings  and  conclufioiis  may  lead  to 
very  dangerous  errors. 

It  is  undoubtedly  true,  that  if  the  principles  affumed  by  Mr. 
robins  with  refpect  to  the  manner  in  which  gumpowcfer  takes- 
fire,  and  the  relation  of  the  elafticity  of  the  generated  fluid  to 
its  desifity,  or  the  i^tenfity  of  its  preflure  upon  the  bullet  as  it 
expands  in  the  barrel,  were  juft,  and  if  the  loft  of  force  by  the 
vent  and  windage  was  in  all  cafes  in  confide  ruble,  or  if  it  was 
prevented,  the  deductions  from  the  theory  refpe&ing  the  velo- 
cities of  bullets  of  different  weights  would  always  hold  good. 
But  if,  on  the  contrary,  it  fhould  be  found  upon  making  the 
experiments  carefully,  and  in  luch  a manner  hs  intirely  to  pre- 
vent inaccuracies  ariling  from  adventitious  circumftances,  that 
the  velocities  obferve  a law  different  from  that  which  the  theory, 
fuppofes,  we  may  fairly  conclude,  that  the  principles  upon 
which  the  theory  is  founded  are  erroneous. 

Let  us  now  fee  how  far  thefe  experiments'  differ  from  the 
theory.  Thofe  numbered  from  84  to  92  mclufive  were  made 
in  fuch  a manner  that  no  part  of  the  force  of  the  powder  was 
lbft  by  the  vent,  of  by  windage,  as  has  already  been  mentioned, 
and  all  poffible  attention  was  paid  to  every  circumftance  that 
could  contribute  to  render  them  perfect  and  conclufive.- 

A particular  account  of  them  with  the  means  ufed  for  form- 
ing the  bullets,  and  making  them  fit  for  the  bore,  and  the  con- 
trivance for  preventing  the  efcape  of  the  elaftic  fluid  by  the 
vent,  &c.  may  be  feen  in  the  general  table,  p.  245,  The  foU 
lowing  table  fhews  the  refill t of  them. 
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N.  B.  The  charge  of  powder  was  the  fame  in  each  ‘experi- 
ment, and  confifted  of  145  grains  in  weight. 

Weight  Velocity  of  the  bullet, 
of  the  / A — 


bullet. 

. Actual. 

Computed. 

Difference. 

85  th  exp. 

pogrs. 

2IO9 

2169 

:86  th 

251 

I43O 

1262 

+ 1 68 

8 /th 

354 

1288 

1063 

+ 225 

88th 

600 

1240 

817 

+ 425 

89  th 

603 

1224 

S15 

' + 4°9 

path 

1184 

.1617 

5^ 

+ 436 

91ft 

r754 

893 

478 

+ 415 

pid 

2352 

812 

413 

+ 399 

The  computed  velocities,  as  they  are  let  down  in  this  table, 
were  determined  from  the  a&ual  velocity  of  the  bullet,  as  deter- 
mined by  the  recoil  in  the  85th  experiment ; and  the  reciprocal 
fub-duplicate  ratio  of  its  weight  to  the  weight  of  the  bullet  in 
each  fubfequent  experiment  s and  inthe  laft  column  is  marked 
the  difference  between  the  experiment  and  the  theory,  or  the 
number  of  feet  in  a fccond,  by  which  the  a&ual  velocity 
exceeds  the  computed. 

■But  in  order  that  we  may  fee  this  matter  in  different  points 
of  view,  4et  the  order  of  the  experiments  be  now  inverted,  and 
let  the  computed  velocities  be  determined  from  the  adual  velo- 
city in  the  9 2d  experiment  s and  affuming  the  total  or  collec- 
tive preflure  exerted  by  the  powder  upon  the  bullet  in  that  expe- 
riment equal  to  unity,  let  the  collective  prefliire  in  the  other 
experiments  be  computed  from  the  ratio  of  the  a&ual  to  the 
computed  velocities,  and  the  table  will  ftand  thus ; 

9 2d 
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Weight 
of  the 
bullet. 

Velocity  of  the  bullet 

* * 

Actual.  Computed. 

Difference. 

Colle#ive 

preffure. 

p2d  exp. 

2352  grs. 

812 

812 

I ,DOOO 

9 i ft 

1754 

893 

940 

- 47 

6*9020 

90th 

00 

IGI7 

1145 

*-  128 

0,7897 

89  th 

603 

1224 

1 604 

- 380 

CO 

Q 

88  th 

600 

1240 

1608 

- 368 

°>5949 

87  th 

35  4 

1288 

2093 

- 805 

04778 

86th 

251 

143® 

2486 

- 1036 

0,3310 

85th 

90 

2 109 

4r5r 

- 2042 

0,258! 

In  the  following  figure  let  AB  reprefent  the  axis  of  the  piece, 
and  AP  the  length  of  the  fpace  filled  with  powder ; and  at  the 


point  P let  the  perpendicular  PH  be  erefted,  upon  which  let  PL. 
and  PM  be  taken  from  P towards  H of  fuch  magnitudes  that 
while  PL  expounds  the  uniform  force  of  gravity,  or  the  weight 
of  the  bullet,  PM  (hall  be  as  the  force  exerted  by  the  powder 
Vol,  LXXI.  T t upon 
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upon  the  bullet  at  the  moment  of  the  explofion. . If  now  we* 
fuppofe,  that  while  the  bullet  moves  on  from  P towards  B,  the 
line  PM  or  pm , goes  along  with  it,  and  that  the  point  m is 
always  taken  in  fuch  a manner  that  the  line  pm,  lhall  be  to 
pl\  or  PL,  - as  the  force  aCting  upon  the  bullet  in  the  point  p, 
is  to  its  weight,  till  pmr  coincides-  with  QB,  then  will  the 
area  PMQB  be  to  the  area  PLDB  in  the  duplicate  proportion  of 
.the  velocities  which  the  bullet  would  acquire  when  aCted  oil  by 
its  own  gravity  through  the  fpace  PB,  and  when  impelled 
through  the  fame  fpace  by  the  force  of  the  powder,  as  may 
be  feen  demonftrated  by  Sir  Isaac  newton,  in  his  Mathema- 
tical Principles  of  Natural  Philofophv,  book  I.  prop.  39. 

Now  what  I call  the  collective  preffure,  or  fum  total  of  the 
aCtion  of  the  powder  upon  the  bullet,  is  the  meafure  of  the 
area  PMQB  ; and  it  is  plain,  from  what  has  been  faid  above, 
that  its  meafures  are  in  all  cafes  to  be  accurately  determined,, 
when  the  weight  and  velocity  of  the  bullet  are  known. 

If  all  the  powder  of  the  charge  w~as  inflamed  at  once,  or  be- 
fore the  bullet  fenfibly  moved  from  its  place  ; and  if  the  pref- 
fure of  the  generated  fluid  was  always  as  its  denfity,  or  inverfely 


as  the  fpace  it  occupies,  then  would  the  line  MQJae  an  hyberbola, 
the  area  PMQB  would  always  be  the  fame  when  the  charge 
was  the  fame,  and  confequentLy  the  velocities  of  the  bullets 
would  be  as  the  fquare  roots  of  their  weights  inverfely.  But 
it  appears,,  from'  the  before  mentioned  experiments,  that  when 
the  weight  of  the  bullet  was  increafed  four  times,  the  action 
of  the  powder,  or  area  PMQB,  was  nearly  doubled ; for  in 
the  92d  experiment,  when  four  bullets  were  difeharged  at 
once,  the  collective  preflure  was  as  1 ; but  in  the  89th  experi- 
ment, when  a Angle  bullet  was  made  ufe  of,  the  collective 
i preflure 
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p failure  was  only  as  0,5825;  and  in  the  85th,.  84th,  apd 
87-th  experiments,  when  the  bullets  were  much  lighter,  ttys 
a&ionof  the  charge  was  ftiil  lefs.  > . (i 

But  'though  we  can  determine  with  great  certainty,  froiyi 
thefe  experiments,  the  ratio  in  which  the  action  of  the  powder 
upon  the  bullet  was  increafed  or  diminilhed,  by  making  ufteqf 
bullets  of  greater  or  lefs  weight ; yet  we  cannot  from  thence 
afcertain  the  relation  of  the  elafticity  of  the  generated  fluid  to 
its  denfity,  nor  the  quantity  of  powder  that  is  inflamed  at  dif- 
ferent periods  before  and  after  the  bullet  begins  to  move  in  the 

bore.  ■ 

But  affirming  Mr.  robins’s  principles  as  far  as  relates  to  the 
elafticity  of  the  fluid,  and  fuppofmg  that  in  all  the  experiments, 
except  the  $2d,  a part  only  of  the  charge  took  fire,  and  that 
that  part  was  inflamed  and  converted  into  an  elaftic  fluid  before 
the  bullet  began  to  move  ; upon  that  fuppofition  we  can  deter- 
mine the  quantity  of  powder  that  took  fire  in  each  experiment ; 
for  the  quantity  of  powder  in  that  cafe  would  be  as  the  collec- 
tive prefl'ure. 

Thus,  if  the  whole  charge,  = x 45  grains  in  weight,  is  fup- 
pofed  to  have  been  inflamed  in  the  92d  experiment,  the  quan- 
tity inflamed  in  each  of  the  other  experiments  will  appear  to 
have  been  as  follows ; viz. 


T t 2 Weight 
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Weight  of 
the  bullet.  " 

Velocity  of 
the  bullet.. 

Collective 

preffure. 

Powder 

inflamed. 

85  th  exp. 

96  grs. 

[ 

2IO9 

0,2581 

37  grs- 

86th 

25 1 

r 

1430 

0,3310 

48 

87  th 

VO 

CO 

1288 

0,3778 

55 

88th 

600 

1240 

0,5949 

86 

89  th 

603 

1.224 

0,5825 

84 

90th 

1184 

1017 

0,7897 

114 

91ft 

*754 

893 

0,9020 

l3* 

BuMhere  are  many  reafons  to  fuppofe,  that  the  diminution 
©f  the  action  of  the  powder  upon  the  bullet,  when  it  is  lighter,  is 
not  fo  much  owing  to  the  fmallefs  of  the  quantity  of  powder 
that  takes  fire  in  that  cafe  as  to  the  vis  inertia  of  the  generated 
fluid.  ,,  It  is  true,  that  a greater  portion  of  the  charge  takes 
fire  when  the  bullet  is  heavy  than  when  it  is  light,  as  I found 
in  tile  very  experiments  of  which  I am  nowfpeaking  ; but  then 
the  quantity  of  un  fired  powder  in  any  cafe  was  much  too  fmall 
to  account  for  the  apparent  diminution  of  the  force  when  light 
ballets  were  made  ufe  of 

e llf  the  elaftic  fluid,  in  the  aftion  of  which  the  force  of 
powder  confifts,  were  infinitely  fine,  or  if  its  weight  bore  no* 
proportion  to  that  of  the  powder  that  generated  it ;;  and  if  the 
grpfs  matter,  or  caput  mortuum , of  the  powder  remainedfin  the 
bottom  of  the  bore  after  the  explofion,  then,  and  upon  no 
other  fuppofition,  would  the  preffure  upon  the  bullet  be  in- 
verfely  as  the  fpace  occupied  by  the  fluid  : but,  it  is  evident  that 
this  can  neyer  be  the  cafe. 

A~  curious  fubjed  for  fpeculation  here  occurs  : how  far  would 
it  be  advantageous,  were  it  poffible,  to  diminifh  the  fpecifiq 
gravity  of  gun-powder,  and  the  fluid  generated  from  it,  with- 

; 3 out 
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©ut  leflening  its  elaftic  force  ? It  would  certainly  aft  upon  very 
light  bullets  with  greater  force  ; but  when  heavy  ones  came  to 
be  made  ufe  of,  there  is  reafon  to  think,  that,  except  extraor- 
dinary precaution  was  taken  to  prevent  it,  the  greateft  part  of 
the  force  would  be  loft  by  the  vent  and  by  windage. 

The  velocity  with- which  elaftic  fluids  rufh  into  a void  fpace  is 
as  the  elafticity  of  the  fluid:  directly,  and  inverfely  as  its  den- 
fity ; if,  therefore,  the  denfity  of  the  fluid  generated  from 
powder  was  four  times  lefs  than  it  is,  its  elafticity  remaining 
the  fame,  it  would  iflue  out  at  the  vent,  and  efcape  by  the  fide 
of  the  bullet  in  the  bore,  with  nearly  four  times  as  great  a 
velocity  as  it  does  at  prefen t ; but  we  know  from  experiment 
that  the  lofe  of  force  on  thofe  accounts  is-  now  very  confi- 
derable. 

in  the  experiments  N°  76.  and  77.  when  the  piece  was  fired! 
with  145  grains  of  powder,  the  velocity  of  the  bullets  at  a 
medium  was  1040  feet  in  a fecond ;j  but  in  the  88th  and  89th 
'experiments,  when  the  bullets  were  even  heavier,  and  the 
piece  was  fired  with  the  fame  quantity  of  powder,  the  mean 
velocity  was  1232  feet  in  a fecond.  The  difference —1 92 
feet  in  a fecond,  anfwers  to-a  difference  of  force  greater  in  the 
left  experiments  than  in  the  firft  in  the  proportion  of  14  to  10. 

I know  of  no;  way  to  account  for  this- difference,  but  by  fup- 
poling  that  it  was  owing  intirely  to  the  efcape  of  the  elaftic 
fluid  by  the  vent,  and  by  windage,  in  thofe  experiments  where 
the  vent  was  open,  and  the  bullets  were  put  naked  into  the 
piece* 

An  elaftic  bow,  made  of  very  light  wood,  will  throw  an 
arrow,,  and  efpecially  a light  one,  with  greater  velocity  than  a 
bow  of  fteel  of  the  fame  degree  of  ftiffnefs  : but,  for  praftice,- 
I think  it  is  plain,  that  gun-powder  may  be  fuppofid  to ' be  fo 

light: 
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light  as  to  he  rendered  inti  rely, ufelefs  : and  for  fome  purpofes  it 
feems  probable,  that  it  would  not  be  the  work  for  being  even 
heavier  than  it  is  now  made.  Vents  are  abfolutely  neceflary  in 
fire-arms,  and  in  large  pieces  the  windage  mull  be  confiderable, 
in  order  that  the  bullets,  which  are  not  always  lo  round  as  they 
Ihould  be,  may  not  flick  in  the  bore;  and  thofe  who  have  been 
prefent  at  the  firing  of  heavy  artillery  and  large  mortars  with 
fliot  and  fhclls,  liiuft  have  obferved,  that  there  is  a fenfible  fpace 
of  time  elapfes  between  the  lighting  of  the  prime  and  the  ex- 
piofion  ; and  that,  during  that  interval,  the  flame  is  continually 
ifluing  out  at  the  vent  with  a hilling  noile,  and  with  a prodi- 
gious velocity,  as  appears  by  the  height  to  which  the  ftream  of 
fire  mounts  up  in  the  air.  It  is  plain,  that  this  lols  muft  be 
greater  in  proportion  as  the  Ihot  that  is  dilcharged  is  heavier ; 
and  I have  often  fancied,  that  I perceived  a fenfible  difference  in 
the  Vim|  that  elapfed  between  the  firing  of  the  prime  and  the 
explofion,  when  bullets  were  difeharged,  and  when  the  p.ece 
lias  been  fired  with  powder  only  ; the  time  being  apparently 
longer  in  the  former  cafe  than  the  latter. 

Altnoft  all  the  writers  upon  gun- powder,  and  particularly 
thofe  of  the  laft  century,  gave  different  recipes  for  powder  that 
' is  defigned  for  different  ufes.  Thus  the  F rench  authors  men- 
tion poudre  a moufquet,  poudre  ordinaire  de  guerre , poudre  de 
chap,  and  poudre  d' artifice  -,  all  of  which  are  compofed  of  fait 
petre,  fulphur,  and  charcoal,  taken  in  different  proportions. 
Is  it  not  probable,  that  this  variety  in  the  compofition  of  pow- 
der was  originally  introduced  in  confequence  of  obfervation 
r that  one  kind  of  powder  was  better  adapted  for  particular 
' purpofes  than  another,  or  from  experiments  made  on  purpofe 
to  afcbVfitiu  ' the  fact  ? ' There  is  one  circumlhwe  that  would 
lead'  us  to  fuppofe  that  that  was  the  cafe. — That  kind  of  pow- 
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der  which  was  defigned  for  great  guns  and  mortars  was  weaker 
than  thole  which  were  intended  to  be  ufed  in  fmailer  pieces  : 
for  if  there  is  any  foundation  for  thefe  conjectures,  it  is  cer- 
tain, that  the  weakeft  powder,  or  the  heavieft  in  proportion  to 
its  elaftic  force,  ought  to  be  ufed  to  impel  the  heavieft  bullets, 
and  particularly  in  guns  that  are  imperfectly  formed,  where  the 
vent  is  large,  and  the  windage  very  great* 

I am  perfectly  aware,  that  an  objection  may  here  be  made, 
viz.  that  the  elaftic  fluid,  which  is  generated  from  gun-powder, 
muft  be  fuppofed  to  have  the  fame  properties  .very  nearly, 
whatever  may  be  the  proportion  of  the  feveral  ingredients,  and 
that  therefore  the  only  difference  there  can  be  in  powder  is, 
that  one  kind  may  generate  more  of  this  fluid,  and  another  lefs  ; 
and  that  when  it  is  generated,  it  aCts  in  the  ftime  manner,  and 
will  alike  efcape,  and  with  the  lame  velocity,  by  any  paflage  it 
can  find.  But  to  this  I anfwer,  though  the  fluid’ may  be  the 
fame,  as  undoubtedly  it  is,  and  though  its  denfity  and  elafti- 
city  may  be  the  fame  in  all  cafes  at  the  inftant  of  its  generation, 
yet  in  the  explofion,  the  elaftic  and  un-elaftic  parts  are  fo  mixed 
and  blended,  that  I imagine  the  fluid  cannot  expand  without 
taking  the  grofs  matter  along  with  it,  and  the  velocity  with 
which  the  flame  ifliies  out  at  the  vent  is  to  be  computed  from 
the  elafticity  of  the  fluid,  and  the  denfity  or  weight  of  the  fluid' 
and  the  grofs  matter  taken  together,  and  not  limply  from, 
the  elafticity  and  denfity  of  the  fluid.  If  antimony  in  an’  im- 
palpable powder,  or  any  other  heavy  bodyr  was  intimately 
mixed  with  water  in  a veflel  of  any  kind,  and  kept  in  fufpenfion 
by  fhaking  or  ftirring  them  about ; and  if  a hole  was  opened 
in  the  fide  or  bottom  of  the  veflel,  the  water  would  not  run 
out  without  taking  the  particles  of  the  folid  body  along  with 
it.  And  in  the  fame  manner  I conceive  the  folid  particles  that 

remain 
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.remain  after  the  explofion  of  guti-pdwder  are  carried  forward 
with  the  generated  elaftic  fluid,  and  being  carried  forward 


retard  its  motion. — But  to  return  from  this  digreflkm. 

As  it  appears  from  thefe  experiments,  that  the  relation  of  the 
velocities  of  bullets  to  their  weights  is  different  from  that  which 
Mr.  robins’ s theory  fuppofes,  it  remains  to  inquire  what  the 
law  is  which  a&ually  obtains.  And,  firft,  as  the  velocities 
bear  a greater  proportion  to  each  other  than  the  reciprocal  fub- 
duplicate  ratio  of  the  weights  of  the  bullets,  let  us  fee  how 
near  they  come  to  the  reciprocal  fub-triplicate  ratio  of  their 
weights.. 

-olev  aril  bin  'Jidhsii  ?.:L  r:;h  : ' mb  wm 
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2352 

00 

8l2 

— 

S12 

91ft 

1754 

940 

+ 47 

8 93 

+ 2 

89s 

90tll 

II84 

M45 

00 

+ 

IOI7 

+ 4 

102  i 

89th 

603 

l604 

+ 38° 

1224 

+ 54 

1278 

88th 

600 

l608 

+ 368 

1240 

+ 4^> 

f 280 

87th, 

354 

2O93 

+ 805 

1288 

+ 239 

1527 

86th . 

251 

2486 

+ 1056 

1430 

4-282 

1712 

Ssth" 

90 

415I 

+ 2042 

2109 

+ 301 

2410 

Here  the  velocities  computed  upon  the  laft  fuppofition  appear 
to  agree  much  better  with  the  experiments  than  thofe  com- 
puted upon  Mr.  robins’s  principles ; but  ftill  there  is  a confi- 
derable  difference  between  the  a£tual  and  the  computed  veloci- 
ties in  the  three  laft  experiments  in  the  table. 

As  the  powder  itfelf  is  heavy,  it  may  be  confidered  as  a 
weight  that  is  put  in  motion  along  with  the  bullet ; and  if  we 

fuppofe 
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fuppofe  the  denfity  of  the  generated  fluid  is  always  uniform 
from  the  bullet  to  the  breech,  the  velocity  of  the  center  of 
gravity  of  the  powder  or  (which  amounts  to  the  fame  thing)  of 
the  elaftic  fluid,  and  the  grofs  matter  generated  from  it  will 
be  juft  half  as  great  as  the  velocity  of  the  bullet.  If  therefore 
we  put  P to  denote  the  weight  of  the  powder,  B the  weight 
of  the  bullet,  and  v its  initial  velocity ; then  Bu+fP'u  — 
■B-f  iP*^  will  exprefs  the  momentum  of  the  charge  at  the 
inftant  when  the  bullet  quits  the  bore. 

If  now,  inftead  of  afeertaining  the  relation  of  the  velocities 
to  the  weights  of  the  bullets,  we  add  half  the  weight  of  the 
powder  to  the  weight  of  the  bullet,  and  compute  the  velo- 
cities from  the  reciprocal  fub-triplicate  ratio  of  the  quantity 
ITfTP  in  each  experiment,  the  table  will  ftand  thus : 


93d  exp. 

Weight  of  the 
bullet  and  half 
the  powder. 

B+JP  = 
2352+721 

Velocity  of  the  bullet. 
Aftual,  Computed. 

812  812 

;:.'d ; 

Error  of  the 
theory. 

■ dk 

; <wmmammmes 

91ft 

1 754+ 72* 

893 

892 

90  th 

1184  + 72! 

IOI7 

ion 

1-  6 

89th 

603  + 72  \ 

I224 

1243 

.+  19 

88th 

600  + 72! 

1240 

1245 

+ J 

87  th 

354  + 72i 

1288 

1449 

+ 16 1 

86th 

251+72! 

14  3° 

*5% 

‘+159 

85  th 

90  + 72! 

2109 

'999 

^IIO 
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The  agreement  between  the  actual  and  computed  velocities 
is  here  very  remarkable,  and  particularly  in  the  five  firft  expe- 
riments, which  are  certainly  thofe  upon  which  the  greateft 
dependence  may  be  placed. 

And  hence  we  are  enabled  to  determine  the  natures-  of  the 

- 

inn,  and  gf  (fig.  for  fince  B (which  exprefles  the  weight 

of  the  bullet),  is  as  the  length  taken  from  A towards  B in  the* 
figure  in  the  feveral  experiments and  as  the  velocities  are  as 
the  lines  drawn  perpendicular  to  the  line  AB  from  the  places 
where  thofe  lengths  terminate,  as  w,  u,  &c.  ending  at  the 
curve  tn,n;  if  we  put  a=l  P,  a:  = B,  and  yxz  wu ; then 
will  the  relation  of  x and  y be  defined  by  this  equation, 

—l==r  =:y.  And  if  z be  put  to  denote  the  line  w r,  and 

%/  a + xz 

the  recoil  when  the  given  charge  is  fired  without  any  bullet,  it 
will  be  — b in  the  curve  gfr  x being  the  abfciffa,  and. 

{ j £ iff).  ‘iTf-f  ■-  f’-i  - ^ ...  ,V\ 

% 11 


z the  correfponding  ordinate  to  the  curve. 

■ ! ;'1  .fiArf  rj  ; f.  ...  ' ;-Y  P 

Ip  the  9 id  experiment  half  the  weight  of  the  powder  ( = ^) 
iyas  grains  ; the  weight  of  the  bullet  was  2352  grains 
( =x)  ; the  recoil  ( = z)  was  32,25  inches,  and  with  the  given 
charge  Without  any  bullet  the  recoil  (~^)  was  4,4  inches ; if 
now  from  thefe  datay  and  the  known  weight  of  the  bullet  in 
each  of  other  experiments  in  this  let,  the  recoil. be  computed 


by  means  of  the  theorem 


b — z,  we  fhall  fee  how  the 


o £ 


; ; ■ i 


\/  a + x* 

experiments  agrees  with  this  theory  : thus, 


- -.  'y-/  3*  W::5/§  (, 

■ - Kt  ■■  • 
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Recoil 


Weight  of 
the  bullet. 

A&ual, 

" > 

Computed. 

Difference. 

"9  2 d exp. 

2352 

32.25 

32,25. 

91  ft 

x75  4 

27,18 

27,22 

+0,04 

90  th 

1184 

2 1.,  93 

2i’85 

- 0,07 

■89th 

603 

I5»13 

*5,33 

+0,2 

88th 

{w'il  l 

600 

15,22 

15,29 

+ 0,07 

8.7  th 

35  4 

1 1,03 

CO 

r. 

+0,84 

86  th 

251 

9,62 

10,21 

+ °>59 

85th 

90 

7,16 

7,02 

-0,14 

84th  and  93d 

0 

4,4 

4,4 

*■  ' 8*1$  !*j-vy 

Here  the  agreement  of  the  actual  and  computed  recoils  is  as 
remarkable  as  that  of  the  aftual  and  computed  velocities  in  the 
foregoing  table. 

By  the  figure  17.  may  be  feen  at  one  view  the  refult  of  all 
thefe  experiments  and  computations.  The  numbers  upon  the 
line  AB  (as  in  the  fig.  16.)  reprefent  the  weights  of  the  bullets, 
while  the  lines  drawn  from  thofe  numbers  perpendicular  to  AB 
on  each  fide,  and  ending  at  the  curves  m,  n,  are  as  the  velocities 
of  the  bullets  in  the  feveral  experiments  ; the  line  AB  being  the 
axis  of  the  curves,  the  lengths  taken  from  A to  the  different 
numbers  towards  B ( = x)  the  abfeiffa,  and  the  perpendiculars 
( =y ) the  correfponding  ordinates.  The  ordinates  to  the 
the  curve  hn,  are  as  the  velocities  computed  from  the  theorem 

—pL—  = y,  and  the  ordinates  to  the  curve  p,  n (which  is  the 

logarithmic  curve,  as  it  is  77  =y)  fhew  the  velocities  computed 

upon  Mr.  robins’s  principles.  The  curve  gf  is  drawn  from 

U u 2 the 
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the  theorem  — ==•  + i — z ; and  the  a&ual  recoil  is  marked 

s/ CL + 

upon  the  ordinates  to  this  curve  by  large  round  dots,  which  in 
all  the  experiments,  except  the  S6th  and  87th,  very  nearly 
coincide  with  the  curve. 

In  the  fig  18.  the  numbers  upon  the  line  AB,  taken  fiom  A, 
denote  the  different  charges  of  powder  ufed  in  the  courfe  of 
the  experiments,  while  the  ordinates  to  the  curve  cd , exprefs 
the  velocities  of  the  bullets,  with  the  vent  at  o.  The  lines 
drawn  perpendicular  from  the  line  AB  to  the  line  ef,  repre- 
fent  the  recoil  with  the  feveral  charges  of  powder,  and  a leaden 
bullet ; and  the  portion  of  thofe  lines  that  is  comprehended 
between  the  line  AB  and  the  line  gh , denotes  the  recoil  when 
the  given  charge  was  fired  without  any  bullet. 

Having  now  fhewn  by  experiment  the  relation  of  the  veloci- 
ties of  bullets  to  their  weights,  when  care  is  taken  to  prevent 
mtirely.  the  lofs  of  force  by  the  efcape  of  the  elaftic  fluid 
through  the  vent  and  by  the  windage,  I (hall  leave  it  to  mar 
thematicians  to  determine  from  thefe  data  the  properties  of 
that  fluid. 

But,,  before  I take  my  leave  of  this  fubject,.  I would  juft  ob- 
ferve,;  that  Mr.  robins  is  not  only  miftaken  in  the  principle  he 
afliimes,  refpefting  the  relation  of  the  elafticity  of  the  fluid 
generated  from  gun-powder  to  its  denfity,  or  rather  the  law  of 
its  a&ioii  upon  the  bullet  as  it  expands  in  the  bore;  but  his 
determination  of  the  force  of  gun-powder  is  alfo  erroneous,, 
even  upon  his  own  principles  : for  he  determines  its  force  to  be 
1000  times  greater  than  the  mean  preflure  of  the  atmo- 
fphere;  whereas,  it  appears,  from  the  refult  of  the  9 2d  experi- 
ment, that  its  force  is  at  leaft  1308  times  greater  than  the 


mean 
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mean  pretiure  of  the  atraofphere,  as  will  be  evident  to  thofe 
who  will  take  the  trouble  to  make  the  computation* 

Of  an  attempt  to  determine  the  explofve  force  of  aurum  fulmi- 
nans,  or  a comp  ar  if  on  between  its  force  and  that  of  gun -powder • 

«Y'.  . I,*  cfl  t I,  . .wr  4/\  pj'-v'O^I  r Ho  f h ; '?  -v*  'v  - •;  - 

Having  provided  myfelf  with  a fmall  quantity  of  this  won- 
derful powder,  upon  the  goodnefs  of  which  I could  depend,  I 
endeavoured  to  afcertain  its  explofive  force  by  making  ufe  of  it 
inftead  of  gun-powder  for  difcharginga  bullet,  and  meafuring, 
by  means  of  the  pendulum,  the  velocity  which  the  bullet  ac- 
quired; and  concluding,  from  the  tremendous  report  with  which 
this  fubftance  explodes,  that  its  elaftic  force  was  vaftly  greater 
than  that  of  gun-powder,  I took  care  to  have  a barrel  provided 
of  uncommon  ftrength,  on  purpofe  for  the  experiment.  Its 
length  in  the  bore  is  13,25  inches,  the  diameter  of  the  bore  is 
0,55  an  *nch>  and  its  weight  7 lbs.  2 oz.  It  is  of  the  bed: 
iron,  and  was  made  by  wogdon  ; and  the  accuracy  with  which 
it  is  finilhed  does  credit  to  the  workman. 

This  barrel  being  charged  with  one  fifteenth  of  an  ounce 
(=  27,34  grains)  of  aurum  fulminans  and  two  leaden  bullets, 
which,  together  with  the  leather  that  was  put  about  them  to 
make  them  fit  the  bore  without  windage,  weighed  427  grains  ; 
it  was  laid  upon  a chaffing-difh  of  live  coals,  at  the  diftance  of 
about  10  feet  from  the  pendulum,  and  againft  the  center  of  the 
target  of  the  pendulum  the  piece  was  diredted. 

Having  feeured  the  barrel  in  fuch  a manner  that  its  diredtion. 
fhould  not  alter,  I retired  to  a little  diftance,  in  order  to  be  out 
of  danger  in  cafe  of  an  accident,  where  I waited  in  anxious 
expectation  the  event  of  the  explofion. 
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I had  remained  in  this  fttuation  fome  minutes,  and  almoft 
defpaired  of*  the  experiment’s  fucceeding,  when  the  pox  der 
exploded,  but  with  a report  infinitely  lefs  than  what  I expend, 
the  noife  not  greatly. exceeding  the  report  of  a well- charged 
wind  gun ; and  it  was  not  till  I faw  the  pendulum  in  motion' 
that  I could  be  periuaded  that  the  bullets  had  been  difeharged, 
I found,,  however,  upon  examination,  that  nothing  was  left  in 
the  barrel,  and  from  the  great  number  of  fmall  particles  of 
revived  metal  that  Were  difperfed  about,  I had  reafon  to  think 
that  all  the  powder  had  exploded. 

The  bullets  ft  ruck  the  pendulum  nearly  in  the  center  of  the 
target,  and  both  of  them  remained  in  the  wood  : and  I found, 
upon  making  the  calculation,  that  they  had  impinged  againftit 
with  a velocity  of  428  feet  in  a fecond. 

If  we  now  fuppofe  that  the  force  of  aurum  fultninans  arifes 
from  the  action  of  an  elaftic  fluid  that  is  generated  from  it  in 

j: 

the  moment  of  its  explofion,  and  that  the  elafticity  of  this 
fluid,  or  rather  the  force  it  exerts  upon  the  bullet  as  it  goes  or 
to  expand,  is  always  as  its  denfity,  or  inverfely  as  the  fpace  it 
occupies  ; then,  from  the  known  dimenfions  of  the  barrel,  the 
length  of  the  fpace  occupied  by  the  charge  (which  in  this  ex- 
periment was  0,47  of  an  inch),  and  the  weight  and  velocity  of 
the  bullets,  the  elaftic  force  of  this  fluid  at  the  inftant  of  its 
generation  may  be  determined : and  I find,  upon  making  the 
calculation  upon  thele  principles,  that  its  force  turns  out  307 
times  greater  than  the  mean  elaftic  force  of  common  air. 

According  to  Mr.  robins’s  theory,  the  elaftic  force  of  the 
fluid  generated  from  gun-powder  in  its  inflammation  is  1 ,000 
times  greater  than  the  mean  preffure  of  the  atmofphere  ; 
the  force  of  aurum  fulminant , therefore,  appears  to  be  to  that 
of  gun-powder  as  30  7 is  to  i,ooo,  or  as  4 is  to  13  very  nearly. 

7 °f 
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Of  the  fpecific  gravity  of  gun-powder . 

To  determine  the  fpecific  gravity  of  gnn-powder  I made  ufe 
©f  the  following  method.  A large  glafs  bucket,  with  a narrow 
mouth,  being  fufpended  to  one  of  the  arms  of  a very  nice 
balance,  and  exaftly  counter-poifed  by  weights  put  in  the  op- 
pofite  fcale,  it  was  filled  firft  with  government  powder  poured 
in  lightly,  then  with  the  fame  powder  fhaken  well  together, 
afterwards  with  powder  and  water  together,  and  daftly  with 
water  alone,  and  in  each  cafe  the  contents  of  the  bucket  were 
very  exaftly  weighed. 

The  fpecific  gravity  of  gun-powder,,  as  determined  from 
thefe  experiments,  is  as  follows  r 

Specific  gravity  of  rainwater  - - 1,000 

Government  powder,  as  it  lies  light  in  a heap,  mixed*] 

with  air  * - - - J- 

Government  powder  well  lhaken  together  * 0,937" 

The  folid  fubftance  of  the  powder  - - 1,745 

Hence  it  appears,  that  a cubic  inch  of  government  powder 
lhaken  well  together  weighs  juft  243  grains ; that  a cubic  inch 
of  folid  powder  would  weigh  442  grains;  and,  confeqtientlyy 
that  the  interftices  between  the  particles  of  the  powder,  as  it 
is  grained  for  ufe,  amnearly  as  great  as  tic  spaces  which  ith©& 
particles  occupy. 
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MISCELLANEOUS  EXPERIMENTS, 

Of fine  unjut  c'tfsful  attempts  loincreafe  the  force  of  gun-powder. 

It  has  been  fuppofed  by  many,  that  the  force  of  fteam  is 
even  greater  than  that  of  gun-powder;  and  that  if  a quantity 
of  water,  confined  in  the  chamber  of  a gun,  could  at  once  be 
rarified  into  fteam,  it  would  impel  a bullet  with  prodigious  ve- 
locity. Several  attempts  have  been  made  to  fhoot  bullets  in  this 
manner ; but  I know  of  none  that  have  fucceeded  ; at  leaft  fo 
far  as  to  render  it  probable  that  water  can  ever  be  fubftituted  in 
the  room  of  gun-powder  for  military  purpofes,  as  fome  have 
imagined. 

The  great  difficulty  that  attends  making  thefe  experiments 
lies  in  finding  out  a method  by  which  the  water  can  at  once  be 
rarified,  and  converted  into  elaftic  fteam;  and  it  occurred  to 
me,  that  poffibly  that  might  be  efife&ed  by  means  of  gun-pow- 
der, by  confining  a fmall  quantity  of  water  in  fome  very  thin 
fubftance,  and  furrounding  and  inclofing  it  with  powder,  and 
afterwards  fetting  fire  to  the  charge.  The  method  1 took  to  do 
this  was  as  follows.  Having  procured  a number  of  air  blad* 
ders  of  very  fmall  fifties,  I put  different  quantities  of  water 
into  them  from  the  fize  of  a fmall  pea  to  that  of  a fmall  piftol 
.bullet,  and  tying  them  up  clofe  with  fome  very  fine  thread,  I 
hung  up  thefe  little  globules  in  the  open  air  till  they  were  quite 
-dry  on  the  outfide.  I then  provided  a number  of  cartridges 
made  of  fine  paper,  and  filled  them  with  a known  quantity  of 
jpowder,  equal  to  the  cuftomary  charge  for  a common  horfe- 
man’s  piftol ; and  having  loaded  fuch  a piftol  with  one  of  them 
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and  a fit  bullet,  I laid  it  down  upon  the  ground,  and  dire&ing 
it  againft  an  oaken  plank  that  was  placed  about  fix  feet  from  the 
muzzle,  I fired  it  oft  by  a train,  and  carefully  obferved  the 
recoil,  and  alfo  the  penetration  of  the  bullet.  I then  took 
feveral  of  the  filled  cartridges  that  remained,  and  pouring  out 
part  of  the  powder,  I put  one  or  more  of  the  little  bladders 
filled  with  water  in  the  center  of  the  cartridge,  and  afterwards 
pouring  back  the  remaining  part  of  the  charge,  confined  the 
water  in  the  midft  of  the  powder. 

With  thefe  cartridges  and  a fit  bullet,  the  piftol  was  fuccef- 
fively  loaded,  and  being  placed  upon  the  ground  as  before,  aud 
fired  by  a train,  the  recoil,  and  the  penetration  of  the  bullets 
were  obferved ; and  I conftantly  found,  that  the  force  of  the 
charge  was  very  fenfibly  diminiflhed  by  the  addition  of  the 
globule  of  water,  and  the  larger  the  quantity  of  water  was  that 
was  thus  confined,  the  lefs  was  the  effedt  of  the  charge ; nei* 
ther  the  recoil  of  the  piftol,  nor  the  penetration  of  the  bullet, 
being  near  equal  to  what  they  were  when  the  given  quantity 
of  powder  was  fired  without  the  water ; and  the  report  of  the 
explofion  appeared  to  be  leflened  in  a ftill  greater  proportion 
than  the  recoil  or  penetration. 

Concluding  that  this  diminution  of  the  force  of  the  charge 
arofe  from  the  burfting  of  the  little  bladder,  and  the  difperfion 
of  the  water  among  the  powder  before  it  was  all  inflamed,  by 
which  a great  part  of  it  was  prevented  from  taking  fire,  I re- 
peated the  experiments  with  highly  redtified  fpirits  of  wine  in- 
ftead  of  water  ; but  the  refult  was  nearly  the  fame  as  before  : 
the  force  of  the  charge  was  conftantly  and  very  fenfibly  dimi- 
milled.  I afterwards  made  ufe  of  etherial  oil  of  turpentine, 
and  then  of  fmall  quantities  of  quickfilver ; but  ftill  with  no 
Vol.  LXXI*  X x better 
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better  fuccefs.  Every  thing  I mixed  with  the  powder,  inftead 
of  increafing,  ferved  to  ieffen  the  force  of  the  charge. 

Thefe  trials  were  all  made  feveral  months  before  I began  the 
courfe  of  my  experiments  upon  gun-powder,  which  I have 
already  given  an  account  of  ; and  though  they  were  altogether, 
un  fuccefs  ful,  yet  I refumed  the  inquiry  at  that  time,  and  made, 
feveral  new  experiments,  with  a view  to  find  out  fomething 
that  ihouid  be  ftronger  than,  powder,,  or  which,  when  mixed, 
with  it,  fhould  increafe  its  force. 

It  is  well  known,  that  the  elaftic  force  of  quickfilver  con- 
verted into  vapour  is  very  great  ; this  fubftance  I made  ufe  of 
in  my  former  trials,  as  I have  juft  obferved,  but  without  fuQ-. 
cefs.  I thought,  however,  that  the  failure  of  that  attempt 
might  poffibly  be  owing  to  the  quickfilver  being  tpo  much  in  a, 
body,  by  which  means  the  fire  could  not  aft  upon  it  to  the. 
greateft  advantage ; but  that  if  it  could  be  divided  into  exceed-, 
ing  fmall  particles,  and  fo  ordered  that  each  particle  might  be. 
completely  furrounded  by,  and  expofed  to,  the  action  of  the. 
flame  of  the  powder,  it  would  he  very  foon  heated,  and  poffibly , 
might  be  converted  into  an  elaftic  fteam  or,  vapour,  before  the. 
bullet  could  be  fenfibly  removed  from  its  place. , To  determine, 
this  point  I mixed  20  grains,  of  aethiops  mineral  very  intimately 
with  145  grains  of  powder,  and  charging  the  piece  with  this,, 
compound,  it  was  loaded  with  a fit  bullet  and  fired;  but  the. 
force  of  the  charge  was  lefs  than  that  which  the  powder  alone, 
would  have  exerted,  as  appears  by  comparing  the.  76th  and  77th 
experiments  with  the  79th.. 

Common  pulvis  fitlminans  is  made  of  one  part  of  fulphur,, 
two  parts  of  fait  of  tartar,  and  three  parts  of  nitre ; and  if  wee 
may  judge  by  the  report  of  the  explofion,  the  elaftic  force  of 
this  compound  is  confiderably  greater  than  that  of  gun-powder.. 

I was. 
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I was  willing  to  fee  the  effefl  of  mixing  fait  of  tartar  with  gun- 
powder, and  accordingly  having  provided  forhe  of  this  alkaline 
fait  initspureft  ftate,  thoroughly  dry,  and  in  a fine  powder,  I 
mixed  20  grains  of  it  with  145  grains  of  gun-powder;  and 
upon  difcharging  a bullet  with  the  mixture,  I found  that  the 
alkaline  fait  had  confiderably  leflened  the  force  of  the  powder. 
See  experiment  N°  78. 

I next  made  ufe  of  fal  ammoniacum.  That  fait  has  been: 
found  to  produce  a very  large  quantity  of  elaftic  air,  or  vapour* 
when  expofed  to  heat  under  certain  circum fiances ; but  when 
20  grains  of  it  were  mixed  with  a charge  of  gun  - powder,  in- 
ftead  of  adding  to  its  force,  it  diminilhed  it  very  fenfibly.  See 
the  80th  experiment. 

Moft,  if  not  all,  the  metals,  are  thought  to  produce  large 
quantities  of  air  when  they  are  diflolved  in  proper  m.enpirua^  and 
particularly  brafs,  when  it  is  diilblved  in  fpirit  of  nitre.  De- 
firous  of  feeing  if  this  could  be  done  by  the  flame,  or  acid 
vapour  of  fired  powder,  I mixed  20  grains  of  brafs  in  a very 
fine  powder,  commonly  called  brafs  duft  (being  the  fmall 
particles  of  this  metal  that  fly  off  from  the  wheel  in  (harpening 
pins),  with  145  grains  of  powder,  and  with  this  compound 
and  a fit  bullet  I loaded  my  barrel  and  difcharged  it ; but  the 
experiment  (N°  81.)  fhewed,  that  the  force  of  the  powder  was 
not  increafed  by  the  addition  of  the  brafs  duft,  but  the  con- 
trary. 

It  feems  probable,  however,  that  neither  brafs  duft  nor 
aethiops  mineral  are  of  themfelves  capable  of  diminifhing  the 
force  of  gun-powder  in  any  confiderabledegree,  otherwife  than-, 
by  filling  up  the  interftices  between  the  grains,  and  obftru&ing 
the  paflage  of  the  flame,  and  fo  impeding  the  progrefs  of  the  in- 
flammation. And  hence  it  appears,  how  earthy  particles  and 

X x -2  impurities 


228  Mr.  Thompson’s  Experiments , &c. 

impurities  of  all  kinds  are  fo  very  detrimental  to  gun-powder. 
It  is  not  that  they  deftroy  or  alter  the  properties  of  any  of  the 
bodies  of  which  the  powder  is.  compofed,  but  Amply,  that  by 
obftrufting  the  progrefs  of  the  inflammation,  they  leflen  its 
force,  and  render  it  of  little  or  no  value.  Too  much  care, 
therefore,  cannot  be  taken  in  manufacturing  powder  to  free 
the  materials  from  ail  heterogeneous  matter. 

Of  an  attempt  to  foot  flame  inflead  of  bullets . 


Having  often  obferved  paper  and  other  light  bodies  to  come 
out  of  great  guns  and  fmall  arms  inflamed,  I was  led  to  try  if 
other  inflammable  bodies  might  not  be  fet  on  fire  in  like  man- 
ner, and  particularly  inflammable  fluids  j and  I thought  if  this 
could  be  effected,  it  might  be  poffible  to  projedt  fuch  ignited 
bodies  by  the  force  of  the  exploiion,  and  by  that  means 
communicate  the  fire  to  other  bodies  at  fome  confiderable 
diftance ; but  in  this  attempt  I failed  totally.  I never  could 
fet  dry  tow  on  fire  at  the  diftance  of  five  yards  from  the 
muzzle  of  my  barrel.  I repeatedly  difcharged  large  wads 
of  tow  and  paper,  thoroughly  foaked  in  the  moft  inflammable 
fluids,  fuch  as  alkobol , retherial  fpirit  of  turpentine , balfam  of 
fulphur , &c. ; but  none  of  them  were  ever  fet  on  fire  by  the 
explofion.  Sometimes  I difcharged  three  or  four  fpoonfuls  of 
the  inflammable  fluid,  by  interpoling  a very  thin  wad  of  cork 
over  the  powder,  and  another  over  the  fluid  ; but  ftill  with  no 
better  fuccefs.  The  fluid  was  projected  againft  the  wall  as  be- 
fore, and  left  a mark  where  it  hit ; but  it  never  could  be  made 
to  take  fire  ; fo  1 gave  up  the  attempt.  If  it  had  fucceeded, 
probably  it  would  have  turned  out  one  of  the  moft  important 
difcoveriss  in  the  art  of  war  that  have  been  ’ made  fi nee  the 
invention  of  gun-powder. 
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XVI.  Account  of  a luminous  Appearance  in  the  Heavens . By 
Mr . Tiberius  Cavallo,  F.  R.  S.  m a Letter  to  Sir  Jofeph 
Banks,  Bart , P.  R . & 


Read  April  5,  1781. 

I TAKE  the  liberty  to  fend  you  an  account  of  a luminous 
appearance  obferved  laft  night  in  the  heavens,  which  feems 
to  be  very  fmgular  in  its  nature,  and  quite  diftin 61  from  the 
aurora  borealis . 

At  about  half  an  hour  paft  nine  yefterday  evening,  being  the 
27  th  of  March,  a white  light  began  to  be  feen  in  the  iky,  which 
became  gradually  more  and  more  denfe  till  ten  o’clock,  at  which 
time  it  formed  a compleat  luminous  arch  from  eaft  to  weft. 
Of  this  I have  been  informed  by  others ; but  at  a quarter  paft 
ten  I went  out  of  the  houfe  and  obferved  it  myfelf.  At  that 
time  it  appeared  to  be  an  arch  of  about  feven  or  eight  degrees  in 
breadth  extended  from  eaft  to  weft,  or,  as  fome  of  my  friends 
imagined,  in  the  direction  of  eaft  by  north  to  weft  by  fouth. 
Itsweftern  part  quite  reached  the  horizon;  but  the eaftern part 
of  the  arch  feemed  to  begin  at  about  50°  or  6o°  above  the  hori- 
zon. It  did  not  pafs  through  the  zenith  but  at  about  8°  or  io° 
fouthward  of  it,  audit  was  nearly  perpendicular  to  the  horizon. 

The  whitenefs  of  this  arch  was  much  denfer  than  that 
any  aurora  borealis  I ever  obferved,  though  • it  did  not  eaft  fo 
much  light  upon  the  terreftrial  objects.  Towards  the  middle 
it  was  fo  denfe,  that  the  ftars  over  which  it  pafled  were 

eclipfed ; 
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eclipfed ; but  the  fides  of  this  luminous  arch  were  more  faint 
and  tranfparent. 

The  inclofed  drawing  fhews  its  appearance  at  about  half  an 
hour  paft  ten  o’clock.  At  about  three  quarters  part  ten  it  began 
to  lofe  its  brightnefs,  firft  at  A,  and  then  van iftied  gradually,  fo 
that  at  eleven  o’clock  none  of  it  could  be  perceived.  As  icon 
as  any  part  of  this  arch  loft  its  denfe  whiten efs,  the  ftars  ap- 
peared through  it  quite  diftinft,  fo  that  it  could  not  be  a cloud. 
The  light  alfo  feemed  to  vanifti  without  change  of  place ; for 
it  did  not  appear  to  be  difperfed  through  the  (ky,  or  to  be  driven 
in  any  dire&ion. 

This  extraordinary  appearance  to  me  feemed  quite  diftindt 
from  the  aurora  borealis  for  the  following  reafons,  viz.  becaufe 
it  eclipfed  the  ftars  over  which  it  pafled  ; becaufe  its  light,  or 
rather  its  white  appearance,  was  ftationary  and  not  lambent ; 
and  becaufe  its  direction  was  from  eaft  to  weft. 

The  atmofphere  was  in  other  refpe&s  very  ferene,  the  ftars  fhin- 
ing  very  bright,  and  no  cloud  appearing.  The  northern  light 
was  exceedingly  faint,  and  very  low  about  the  northern  point  of 
the  horizon.  The  wind  was  nearly  north-eaft,  and  it  could  be 
juft  perceived  in  the  ftreets. 

I am,  &c, 
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XVII.  Account  of  an  Earthquake  at  Hafodunos  near  Denbigh. 
By  John  Lloyd,  Efq.  F,  R,  S.  in  a Letter  to  Sir  jofeph 
Banks,  Bart.  P.  R.  S. 


Read  April  5,  1781, 


BEAR  SIR, 


Hafodunos  near  Denbigh, 
Dec.  31,  1781. 


UPON  the  . 29th  day  of  laft  Auguft,  at  8 h.  37' 30  I 
was  fitting  on  my  * bed  fide,  and  heard  a rumbling 
ixoile,  as  if  at  a diflance  1 the  found  feemed  to  approach  me, 
and  when  it  was  greateft  the  bed , rocked  and  fhook  fo  much 
that  I could  fcarcely  keep  my  feat. . I could  have  no  doubt  of 
its  being  an  earthquake,  and  inftantly  looked  at  my  barometer, 
which  is  of  Mr.  de;  luc’s  conftru&ion  ; it  flood  at  29.57  inches. 
Attached  thermometer  6 50. . The. barometer  had  been  flationary 
nearly  for  the  three  preceding  days,  and  did  not  feem  to  be 
affefled  with  the  fhock.  The.  morning  was  remarkably  fine, 
and  not  a jingle  cloud  to  be  feen.  Two  of  my  fillers  and  a 
gentleman  were  walking,  upon  the  terrace  in  the  garden  by  the. 
fide  of  a wall:  they,  all  perceived  the  noife,  at  firft  as  if  at  a 
great  diflance ; but  when  it  was  greateft , they  perceived  the 
wall  to  fhaice,  though  they  did  not  obferve  any  agitation  under 
their  feet.  As  they  were  walking,  and  obferved  the  fpot  when 


This  houfe  is  built  upon  the  fide  of  a rock  ; and  my  bed-chamber,  though 
up  two  pair  of  Hairs,  is  on  a ground-floor,  the  floor  is  not  more-  than  one. foot 
from  the  folid  rock  in  my  bed-chamber., 
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they  fkft  heard  the  found,  and  the  fpot  they  came  to  when  if 
ceafed",  I was  enabled  to  afcertain  its  duration  pretty  exactly, 
and  find  it  to  have  been  from  fifteen  to  eighteen  feconds.  Its 
courfe  was  nearly  from  fouth-eaft  to  north-weft.  Some  other 
perfons  in  ourhoufe  perceived  a double  fhock;  and  this  has  been 
obferved  by  many  who  felt  it  in  other  places.  It  was  felt  at 
Flint  by  Mrs.  seaman  and  her  daughter,  who  obferved  the 
cups  rattled  upon  the  faucers  as  they  fat  at  breakfaft.  Mr. 
pennant’s  family,  at  Downing,  fancied  that  an  empty  wag- 
gon was  coming  into  the  back-court,  which  is  paved.  Iu  was 
ftrongly  felt  at  Llonrwft  by  the  whole  town,  and  part  of  a 
ftone  wall  was  flung  down*  At  Carnarvon  (which  is  in  the 
fame  parallel  of  latitude  as  this  place,  530  jo')  the  fhock  was 
very  flight.  It  wa9  perceived  in  many  places,  about  Conway  ; 
but  not  at  all  by  any  one  in  town*  Sir  hugh  williams  -felt 
it  very  ftrongly  at  his  houfe  near  Beaumaris*  At  our  friend  Mr* 
davies’s,  in  that  town,  a door  clapped  backwards  and  forwards 
feveral  times  * and  at  Lord  bulkeley’s  feat,  Boron-hill,  the 
family  were  much  alarmed,  it  was  fo  violent.  It  was  ftrongly 
felt  at  Holyhead,  and  at  an  eminent  folicitor’s  in  the  ifland  of 
Anglefey,  the  defks  before  feveral  clerks  in  his  office  fhook  fo 
that  they  could  not  write*  It  was  ftrongly  perceived  at  Mr* 
fitzmaurice’s,  at  Lleweny-hall  in  the  Vale  of  Clwyd,  and 
in  feveral  other  places  in  that  Vale.  All  the  peninfula  in  Car- 
narvonfhire  called  Linn,  furrounded  by  St.  George’s  Channel* 
was  fhook  very  much*  There  have  been  two  fliocks  fince  this 
I have  been  defcribing*  Mr*  pennant  felt  one  ; but  I was  not 
fenfibleof  either.  The  times  it  was  felt  at  differ  very  much  on 
account  of  the  variations  in  the  feveral  dials  from  whence  the 
clocks  are  regulated  ; but  I am  very  exadl  as  to  my  own  time* 
having  the  day  preceding  the  earthquake,  and  that  very  day, 

afcertained 
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afcertained  my  time  by  equal  altitudes,  taken  with  one  of  Mr. 
bird’s  aftronomical  quadrants  of  one  foot  radius.  As  every 
phenomenon  of  this  kind  is  mterefting,  you  may,  perhaps, 
wifh  to  communicate  this  account  to  the  Royal  Society  ; which 
you  are  welcome  to  do,  if  you  think  it  worth  the  attention  of 
fo  illuftrious  a body. 


Vgl.  LXXL 


I have  the  honour  to  be,  &c« 
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XVIII.  On  the  Heat  of  the  Water  in  the  Gulf-Jlream.  By : 
Charles  Blagden,  M.  ZX.  Phyfcian  to  the  Armyy  F.  R.  S._ 

Reach  April  2 6,  1781.. 

ONE  of  the  ffioft  remarkable  facts  obferved  in  navigating' 
the  ocean,  is  that  con  ft  ant  and  rapid  current  which  fits 
along  the  ooaft  of  North  America  to  the  northward  and  eaft- 
ward,  and  is  commonly  known  to  feamen  by  the  name  of  the 
Gulf-ftream.  It  feems  juftly  attributed  to  the  effeft  of  the: 
trade- winds*  which  blowing  from  the  eaftern  quarter  into  the.- 
great  Gulf  of  Mexico,  caufe  there  an  accumulation  of  the 
water  above  the.  common  level  of  the  fea  ; in  confequence  off 
which,  it  is  conftantly  running  out  by  the  channel  where  it 
finds  leaft  refiftance,  that  is*  through  the  Gulf  of  Florida, 
with  fuch  force  asto  continue  a diftindt  ft  ream  to  a very  great 
diftance,.  Since  all  I hips  going  from  Europe  to  any  of  the- 
fouthern  provinces  of  North  America  muft  crofs  this  current,, 
and  are  materially  affected  by  it  in  their  eourfe,  every  circum- 
ftance  of,  its  motion  becomes  an  objedt  highly  interefting  to  the 
feaman,  as  well  as  of  great  curiofity  to  the  philofopher.  An 
obfervation  which  occurred  to  me  on  the  fpot  fuggefts  a new 
method  of  inveftigating  a matter  that  appears  lo  worthy  of 
attention. 

During  a voyage  to  America  in  thefpring  of  the  year  1776, 1 
ufied  frequently  to  examine  the  heat  of  fea- water  newly  drawn,, 
in- order  to  compare  it  with  that  of,  the  air,  W e made  our  pafffage 
% . far.. 
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far  to  the  Southward.  In  this  fituation,  the  greateft  heat  of  the 
water  which  I obferved  was  fuck  as  raifed  the  quickfilver  in 
Fahrenheit’s  thermometer  to  jf  h This  happened  twice; 
the  firfttime  on  the  10th  of  April,  in  latitude  2 1°  10'  N.  and 
longitude,  by  our  reckoning,  520  W ; and  the  fecond  time, 
three  days  afterwards,  in  latitude  220  7'  and  longitude  550  ; but 
In  general  the  heat  of  the  fea  near  the  tropic  of  Cancer  about 
the  middle  of  April  was  from  76°  to  yj\ 

The  rendezvous  appointed  for  the  fleet  being  off  Cape  Fear, 
our  courfe,  on  approaching  the  American  coaft,  became  north- 
weftward,  On  the  23d  * of  April  the  heat  of  the  fea  was  740, 
our  latitude  at  noon  28°  yr  N,  Next  day  the  heat  was  only 
■7 1° ; we  were  then  in  latitude  z<f \zf ; the- heat  of  the  water, 
therefore,  was  now  leffening  very  faft  in  proportion  to  the 
change  of  latitude.  The  25th  our  latitude  was  31°  3';  but 
though  we  had  thus  gone  almoft  20  farther  to  the  northward, 
the  heat  of  the  fea  was  this  day  rather  mcreafed,  it  being  720 
in  the  morning,  and  72°!.  in  the  evening.  Next  day,  the  26th 
of  April,  at  half  after  eight  in  the  morning,  1 again  plunged 
the  thermometer  into  fea- water,  and  was  greatly  furprifed  to 
fee  the  quickfilver  rife  to  78°,  higher  than  I had  ever  obferved 
it,  even  within  the  tropic.  As  the  difference  was  too  great  to 
be  imputed  to  any  accidental  variation,  I immediately  conceived 
that  we  muft  have  come  into  the  Gulf- ft  ream,  the  water  of 
which  ftill  retained  great  part  of  the  heat  that  it  had  acquired 
in  the  torrid  zone.  This  idea  was  confirmed  by  the  fobfequent 
regular  and  quick  diminution  of  the  heat : the  fhip’s  run 
for  a quarter  of  an  hour  had  lefiened  it  2°j  the  thermometer, 

* From  the  difference  between  civil  and  nautical  time,  it  becomes  neceiTarv  to 
fcbferve,  that  the  former  is  always  meant  in  this  paper, 

Y y * 
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at  three  quarters  after  eight,  being,  raifed  by  fea-watei  frefh 
drawn  only  to.  76° ; by  nine  the  heat  was  reduced  to  73°,  and 
in  a quarter  of  an  hour  more,  to  710  nearly : all  this  time  the 
wind  blew  frefii,  and  we  were  going  feven  knots  an  hour  on  a 
north-weftern  courfe*  The  water  now  began  to  lofe  the  fine 
tranfparent  blue  colour  of  the  Ocean,  and  to  afl'ume  fomething 
of  a greenifh  olive  tinge,  a well-known  indication  of  found- 
ings. Accordingly,  between  four  and  five  in  the  afternoon 
ground  was  ftruck  with  the  lead  at  the  depth  of  eighty  fathom, 
the  heat  of  the  fea  being  then,  reduced  to  69°.  I11  the  courfe  of 

the  following  night  and  next  day,,  as  we  came  into  (hallower 
water  and  nearer  the  land,  the  temperature  of  the  fea  gra r 
dually  funk  to  65°,  which  was  nearly  that  of  the  air  at  the 
time. 

Unfortunately  bad  weather  on  the  26th.  prevented  us  from 
taking  an  obfervation  of  the  fun  ; but  on  the  27th,  though  it 
was  then  cloudy  at  noon,  we  calculated  the  latitude  from  two 
altitudes,  and  found  it  to  be  33°  26:'  N.  The  difference  of  this 
latitude  from  that  which  we  had  obferved  on  the  25th,  being 
2°  23',  was  fo  much  greater  than  could  be  deduced  from. the 
fhip’s  run  marked  in  the  log-book,  as  to  convince  the  feamen 
that  we  had  been  fet  many  miles,  to  the  northward  by  the 
current. 

On,  the  25th  at  noon,  the  longitude  by  our  reckoning 
was  7 40  W.  and  I believe,  the  computation  to  have  been  pretty 
juft  ; but  the  foundings,  together  with  the  latitude,  will  deter- 
mine the  fpot  where  thefe  observations  were  made  better  than 
any  reckoning  from  the  eaftward.  The  ftiip’s  run  on  the  26th, 
from  nine  in  the  forenoon  to  four  in  the  afternoon,  was  about 
' $en  leagues  on  a north-weft  by  north  courfe ; foon.  afterwards 

we 
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we  hove-to  in  order  to  found,  and,  finding  bottom,  we  went 
very  flowly  ail  night,  and  till  noon  the  next  day. 

From  thefe  obfervations,  I think,  it  may  be  concluded, 
that  the  Gulf-flream,  about  the  33d  degree  of  north  latitude, 
and  the  76th  degree  of  longitude  weft  of  Greenwich,  is,  in 
the  month  of  April,  at  leaft-fix  degrees  hotter . than,  the  water 
of  the  fea  through  which  it  runs.  As  the  heat  of,  the,  fea- 
water  evidently  began  to  increafe  in  the  evening  of  the  25  th, 
and  as  the  obfervations  fhew  that  we  were  getting  out  , of  the 
current  when  I firft  tried  the  heat  in  the  morning  of  the  26th, 
it  is  moft  probable,  that  the  fhip’s  run  during  the  night  is 
nearly  the  breadth  of  the  ftream  meafured  obliquely:  acrofs ; 
that,  as  it  blew  a frefh  breeze,  could  not  be  much  . lefs  than 
twenty-five  leagues  in  fifteen  hours,  the  diftance  of  time  be- 
tween the  two  obfervations  of  the  heat,  and  hence  the  breadth 
of  the  ftream  may  be  efti mated  at  twenty  leagues.  The  breadth 
of  the  Gulf,  of  Florida,,  which  evidently  bounds  the  ftream  at 
its  origin,  appears  by  the  charts  to  be  two  or  three  miles  dels 
than  this,  excluding  the  rocks  and  fand-banks  which  furround;  the 
Bahamalflands,  and  the  fhalkw  water  that  extends  to  a confi- 
derable  diftance  from  the  Coaft  of  Florida ; and  the  correlpon- 
dence  of  thefe  meafures  is  very  remarkable,  fince  the  ftream,  from 
well-known  principles  of  hydraulics,  muft  gradually  become 
wider  as  it  gets  to  a.  greater  diftance  from  the  channel  by; which, 
it  i flues. 

If  the  heat  of  the  Gulf  of  Mexico  was  known,  many  cu- 
rious calculations  might  be  formed  by  comparing  it  with  that,  of 
the  current.  The  mean  heat  of  Spanifli-town  and  Kingfton  in 
Jamaica  feems  not  to  exceed  8T*;  that  of  St.  Domingo  on 

* Hiftory  of  Jamaica,  . London,  1774,  yol. . III.  p,  6^2,  653. . The  • different 
obfervations  of  the- heat  recorded  in  that , work  do  not  agree  together  ; but  thofe 
adopted  here  are  taken  from  that  feries  .which  appeared  to  the  moft  correct. 

the 
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the  fea-coaft  may  be  eftimated  at  the  fame  from  Monf.  godin’s 
obfer  vat  ions  * ; but  as  trie  coaft  of  the  continent  which  bounds 
the  gulf  to  the  weftward  and  fouthward  is  probably  warmer, 
perhaps  a degree  or  two  may  be  allowed  for  the  mean  tempera- 
ture of  the  climate  over  the  whole  bay  : let  it  be  ftaied  at  82° 
or  83°.  Now  there  feems  to  be  great  probability  in  the  fuppo- 
■fition  that  the  fea,  at  a certain  comparatively  fmall  diftance  be- 
low its  furfaee,  agrees  in  heat  pretty  nearly  with  the  average 
temperature  of  the  ah  during  the  whole  year  in  that  part ; and 
hence  it  may  be  conjectured,  that  the  general  heat  of  the 
water,  as  it  ifilies  out  of  the  bay  to  form  the  ftream,  is  about 
8 2°  +,  the  fmall  variations  of  temperature  on  the  furface  not 
being  fufficient  to  a ffe£l  materially  that  of  the  general  mafs. 
At  the  tropic  of  Cancer  I found  the  heat  to  be  yy° ; the  ftream, 
therefore,  in  its  whole  courfe  from  the  gulf  of  Florida,  may 
be  fuppofed  to  have  been  conftantly  running  through  water 
from  4°  to  6°  colder  than  itfelf,  and  yet  it  had  loft  only  4°  of 

* Monf.  godin’s  experiments  upon  the  pendulum  were  made  at  the  Petit 
Goave.  They  continued  from  the  24th  of  Auguft  to  the  4th  of  September,  and 
the  average  heat  during  that  time  was  fuch  as  is  indicated  by  250  of  Monf.  de 
.Reaumur’s  thermometer  (fee  Mem.  Acad.  Scienc.  1735,  p.  517.)*  According  to 
Monf.  de  .luc’s  calculation  (fee  Modifications  de  l’Atmofpere,  vol.  I.  p.  378.) 
the  25th  degree  of  Monf  de  Reaumur’s  true  thermometer  anfwers  to  about  the 
•85th  of  Fahrenheit’s.;  but  the  average  heat  in  Jamaica  during  the  months  of 
Auguft  and  September  is  alfo  85°;  hence  we  may  conclude,  that  the  mean  heat 
for  the  whole  year  is  nearly  the  fame  on  the  fea-coafts  in  both  i Sands. 

f The  loweit  calculation  of  the  mean  temperature  of  the  gulf  is  preferred  on 
this  occafion,  becaufe  of  the  conftant  influx  of  new  . water  from  the  Atlantic 
Ocean  produced  by  the  trade-winds ; which  water  not;  having  been  near  any  land 
■rauft,  I think.,  be  fenfibiy  cooler  than  that  which  has  remained  fome  time  inclofei 
in  the  bay.  On  this  fubjedt  the  obfervations  made  by  Alexander  dalrymple, 
Efq.  relative  to  the  heat  of  the  fea  near  the  Coaft  of  Guinea,  ought  to  be  con- 
fulted  (fee  Phil.  Tranf.  voh  LXVI1I.  p.  394,  See.) . 

heat, 
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Eeat,  though  tne  furrounding  water  where  I obferved  it  was 
io°  below  the  fuppofed  original  temperature  of  the  water  which 
forms  the  current.  From  this  fmall  diminution  of  the  heat,  in 
a diftance,  probably" of  300  miles,  fome  idea  may  be  acquired 
of  the  vaft  body  of  fluid  which  lets  out  of  the  gulf  of  Mexico, 
and  of  the  great  velocity  of  its  motion.  Numerous  obferva- 
tions  on  the  temperature  of  this  ftream,  in  every  part  of  it, 
and  at  different  feafons  of  the  year,  compared  with  the  heat  of 
the  water  in  the  furrounding  Teas,  both  within  and  without 
the  tropic,  would,  I apprehend,  be  the  beft  means  of  afcer- 
taining  its  nature,  and  determining  every  material  circumftance 
of  its  movement,  efpecially  if  the  effect  of  the  current  in 
pufhing  fhips  to  the  northward  is  carefully  attended  to,  at  the 
fame  time  with. the  obfervations  upon  its  heat,. 


On  the  25th  of  September  1777,  as  the  fliips  which  had 
tranfported  Sir  william  howe’s  army  upChefapeak  Bay  were 
returning  toward  the  Delaware,  with  the  fick  and  ft ores,  they 
were  overtaken,  between  Cape  Charles  and  Cape  Hinlopen,  by 
a violent  gale  of  wind,  which,  after,  fome  variation,  fixed  ulti- 
mately at  N.N.E.  and  continued  five  days  without  intermiflion. 
It  blew  fo  hard  that  we  were  conftantly  lofing  ground,  and 
driving  to  the  fouthward : we  alfo  purpofely  made  fome  eafiing  to 
keep  clear  of  the  dangerous  fhoals  which  lie  off  Cape  Hatteras. 

The  2 8th. at  noon  our  latitude,  was. 36°:  40'  N.  and  the  heat 
of  the  fea  all  day  about  65°.  On  the  29th  our  latitude  was- 
36  2' ; we  had,  therefore,  in  the  courfe  of  thefe  twenty- four 
hours,  , been  driven  by  the  wind  38  nautical  miles  to  the  fouth- 
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ward : the  temperature  of  the  fea  continued  nearly  at  6 
Next  day,  the  30th,  our  latitude  at  noon  was  35°  44',  only 
18  miles  farther  to  the  fouthward,  though  in  the  opinion  of 
the  feamen  aboard,  as  well  as  my  own,  it  had  blown  at  leaf!: 
as  hard  on  this  as  any  of  the  preceding  days,  and  we  had  not  been 
able  to  carry  more  fail ; confequently  it  may  be  concluded,  that 
fome  current  had  fet  the  flip  20  miles  to  the  northward.  To 
know  whether  this  was  the  Gulf-ftream,  let  us  confult  the 
thermometer.  At  half  after  nine  in  the  forenoon  of  this  day 
the  heat  of  this  water  was  76°,  no  lefs  than  eleven  degrees 
above  the  temperature  of  the  fea  before  w^e  came  into  the 
current ! 

Towards  evening  the  wind  fell,  and  we  flood  N.W.  by  N. 
clofe-hauled.  As  the  fea  ftill  ran  very  high,  and  the  flip  fcarcely 
went  above  two  knots  an  hour,  we  did  not  make  lefs  than  three 
points  of  lee-way  on  this  tack ; the  courfe  we  made  good, 
therefore  was  W.N.W.  which,  on  the  diftance  run  by  noon 
next  day,  gave  us  about  fixteen  miles  of  northing ; but  that 
day,  the  ift  of  Odtober,  our  latitude  was  36°  22',  3-8  miles 
farther  to  the  north  than  we  had  been  the  day  before ; the  dif- 
ference, 22  miles,  muft  be  attributed  to  the  Gulf-ftream.  This, 
however,  is  only  part  of  the  effedt  which  the  current  would 
have  produced  upon  the  fliip  if  we  had  continued  in  it  the 
whole  four  and  twenty  hours  ; for,  though  we  were  ftill  in  the 
ftream  at  five  in  the  afternoon  of  the  30th,  as  appeared  by  the 
heat  of  the  water  being  then  above  750,  and  at  eight  in  the 
evening  the  heat  being  ftill  740,  yet  by  fe veil  next  morning  we 
were  certainly  got  clear  of  it,  the  heat  of  the  fea  being  then 
reduced  to  its  former  ftandard  of  65°.  On  this  occafion,  there- 
fore, we  did  not  crofs  the  ftream*  but  having  fallen-in  with  it 

.obliquely 
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obliquely  on  the  weftern  fide,  we  pufhed  out  again  oh  the  fame 
fide  as  foon  as  the  gale  abated. 

Thefe  obfervations  having  been  made  three  degrees  to  the 
northward  of  my  former  ones,  it  is  curious  to  obferve,  that  the 
heat  of  the  Gidf-ftream  was  about  2°  lefs.  The  feafons  of  the 
year,  indeed,  were  very  different;  but,  perhaps, ' under  fuch 
circumftances  that  their  effedts  were  nearly  balanced*  In  the 
latter  obfervations  the  meridian  altitude  of  the  fun  was  lefs ; 
but  then  a hot  fummer  preceded  them  : whereas  in  the  former* 
though  the  fun’s  power  was  become  very  great,  yet  the  winter 
had  been  pail  but  a fliort  time.  Calculating  upon  this  propor- 
tion we  may  be  led  to  fufpeQy  that  about  the  2^th  degree  of 
latitude,  which  is  as  foon  as  the  ftream  has  got  clear  of  the 
gulf  of  Florida,  it  begins  fenfibly  to  lofe  its  heat  from  82°,  the 
fuppofed  temperature  of  the  gulf  of  Mexico,  and  continues  to 
lofe  it  at  the  rate  of  about  20  of  Fahrenheit’s  fcale  to  every  f 
of  latitude,  with  fome  variation,  probably  as  the  furrounding 
fea,  and  the  air,  are  warmer  or  colder  at  different  feafons  of 
the  year. 

The  preceding  fadts  had  made  me  very  defirous  of  observing 
the  heat  of  the  Gulf-ftream  on  my  paflage  homeward ; but  a 
violent  gale  of  wind,  which  came  on  two  days  after  we  had 
failed  from  Sandy  Hook,  difabled  every  perfoii  aboard,  who 
knew  how  to  handle  a thermometer,  from  keeping  the  deck. 
The  mafter  of  the  fhip,  however,  an  intelligent  man,  to  whom 
1 had  communicated  my  views,  affured  me,  that  on  the  fecorid 
day  of  the  gale  the  water  felt  to  him  remarkably  warm ; we 
were  then  near  the  ^oth  degree  of  weft  longitude.  This  agrees 
very  well  with  the  common  remark  of  Teamen,  whb  alledge, 
that  they  are  frequently  fenfible  of  the  Gulf-ftream  off  Nan- 
Vol.  LXXL  ’ Z 'z  • : tucket 
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tucket  fhoals,  a distance  of  more  than  1000  miles  from  the 
gulf  of  Florida ! According  to  the  calculation  I have  be- 
fore adopted  of  a lofs  of  two  degrees  of  heat  for  every  30  of 
latitude,  the  temperature  of  the  Gulf-ftream  here  would  be 
nearly  730  ; the  difference  of  which  from  590,  the  heat  that  I 
obferved  in  the  fea-' water  both  before  and  after  the  gale,  might 
eafiiy  be  perceived  by  the  mafter  of  the  veflel.  This  was  in 
the  winter  feafon,  at  the  end  of  December. 

An  opinion  prevails  among  feamen,  that  there  is  fomething 
peculiar  in  the  weather  about  the  Gulf-ftream.  As  far  as  I 
could  judge,  the  heat  of  the  air  was  confiderablv  increafed  by 
it,  as  might  be  expedted  ; but  whether  to  a degree  or  extent 
fufficieilt  for  producing  any  material  changes  in  the  atmofphere 
muft  be  determined  by  future  obfervations. 

Perhaps  other  currents  may  be  found  which,  iffuing  from 
places  warmer  or  colder  than  the  furrounding  fea,  differ  from 
it  in  their  temperature  fo  much  as  to  be  difcovered  by  the  ther- 
mometer. Should  there  be  many  fuch,  this  inftrument  will 
come  to  be  ranked  among  the  moft  valuable  at  fea  ; as  the  diffi- 
culty of  ascertaining  currents  is  well  known  to  be  one  of  the 
greateft  defedts  in  the  prefent  art  of  navigation. 

In  the  mean  time,  I hope  the  obfervations  which  have  been 
here  related  are  fufficient  to  prove,  that  in  crofting  the  Gulf- 
ftream  very  effential  advantages  may  be  derived  from  the  life 
of  the  thermometer  : for  if  the  mafter  of  a fhip,  bound  to  any 
of  the  fouthern  provinces  of  North  America,  will  be  careful 
to  try  the  heat  of  the  fea  frequently,  he  muft  difcover  very 
accurately  his  entrance  into  the  Gulf-ftream,  by  the  fudden  in- 
creafe  of  the  heat ; and  a continuance  of  the  fame  experiments 
will  fhew  him,  with  equal  exadlnefs,  how  long  he  remains  in 
it.  Hence  he  will  always  be  able  to  make  a proper  allowance 
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for  the  number  of  miles  that  the  (hip  is  fet  to  the  northward, 
bv  multiplying  the  time  into  the  velocity  of  the  current. 
Though  this  velocity  is  hitherto  very  imperfectly  known,  for 
want  of  fome  method  of  determining  how  long  the  current 
acted  upon  the  (hips,  yet  all  uncertainty  arifing  from  thence 
mud  foon  ceafe,  as  a few  experiments  upon  the  heat  of  the 
dream,  compared  with  the  fhiprs  run  checked  by  obfervatioris 
of  the  latitude,  will  afcertain  its  motion  with  diffident  precri- 
(ion.  From  differences  in  the*  wind,  and  perhaps  other  cir- 
cumdances,  it  is  probable,  that  there  may  be  fome  variations 
in  the  velocity  of  the  current;  and  it  will  be  curious  to  ob- 
ferve,  whether  thefe  variations  may  not  frequently  be  pointed 
out  by  a difference  in  its  temperature ; as  the  quicker  the  cur- 
rent moves,  the  lefs  heat  is  likely  to  be  lod,  and  confequently 
the  hotter  will  the  water  be.  In  this  obfervation,  however,  the 
feafon  of  the  year  mud  always  be  confidered ; partly,  becaufe 
it  may,  perhaps,  in  fome  degree  affeCt  the  original  temperature 
of  the  water  in  the  gulf  of  Mexico  ; but  principally,  becaufe 
the  aCtual  heat  of  the  dream  mud  be  greater  or  lefs  in  propor- 
tion as  the  traCt  of  the  fea  through  which  it  has  flown  was 
warmer  or  colder.  In  winter,  I ffiould  fuppofe,  that  the  heat 
of  the  dream  itfelf  would  be  rather  lefs  than  in  dimmer  ; but 
thrlt  the  difference  between  it  and  the  furrounding  fea  would  be 
much  greater;  and  I can  conceive  that,  in  the  middle  of  dim- 
mer, though  the  dream  had  lod  very  little  of  its  original  heat, 
yet  the  fea  might,  in  fome  parts,  acquire  fo  nearly  the  fame 
temperature,  as  to  render  it  fcarcel'y  poflible  to  didinguiffi  by 
the  thermometer  when  a fhip  entered  into  the  current; 

Befides  the  convenience'  of  correcting  a (hip’s  courfe,  by 
knowing  how  to  make  a proper  allowance  for  the  didance  (he  is 
fet  to  the.  northward  by  the  current,  a method  cf  determining 

Z z 2 with 


D/vblagden  on  the  Heat,  &c. 
with  certainty  when  (he  enters  into  the  Gulf-ftream  is  attended 
with  the  further  ineftimable  advantage  of  (hewing  her  place 
upon  the  ocean  in  the  moil:  critical  fituation  : for,  as  the  cur- 
rent fets  along  the  coaft  of  America  at  no  great  diftance  from 
foundings,  the  mariner,  when  he  finds  this  fudden  increafe  of 
heat  in  the  fea,  will  be  warned  of  his  approach  to  the  coaft, 
and  will  thus  have  timely  notice  to  take  the  neceflary  precau- 
tions for  the  fecurity  of  his  veffel.  As  the  courfe  of  the  Gulf- 
ftream  comes  more  to  be  accurately  known,  from  repeated  ob- 
fervations  of  the  heat  and  latitudes,  this  method  of  deter- 
mining the  fhip’s -place  will  be  proportionably  more  applicable 
to  ufe.  And  it  derives  additional  importance  from  the  peculiar 
circumftances  of  the  American  coaft,  which,  from  the  mouth 
of  the  Delaware  to  the  lbuthernmoft  point  of  Florida,  is  every 
where  low,  and  befet  with  frequent  fhoals,  running  out  fo  far 
into  the  fea  that  a veffel  may  be  aground  in  many  places  where 
the  fhore  is  not  to  be  diftinguiflied  even  from  the  maft-head. 
The  gulf-ftream,  therefore,  which  has  hitherto  ferved  only  to 
increafe  the  perplexities  of  feamen,  will  now,  if  thefe  obfer- 
vations  are  found  to  be  juft  in  practice,  become  one  of  the  chief 
means  of  their  prefervation  upon  that  dangerous  coaft. 
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XIX.  Account  of  the  Appearance  of  the  Soil  at  opening  a V/ell  at 
Hanby  in  Lincolnfhire.  In  a Letter  from  Sir  Henry  C. 
Englefield,  Bart . F . R.  and  A . S . to  Sir  Jofeph  Banks, 
Bart.  P.  R.  S. 

Read  May  3,  1 y 8 1 . 

DEAR  SIR, 

appearance  of  the  foil  which  fell  under  my  own  in - 
JL  fpe&ion,  on  opening  a well  at  Hanby,  the  feat  of  Sir 
c.  buck,  in  Lenton  parilh,  Lincolnfhire,  being,  as  far  as  1 
can  recoiled!,  quite  lingular,  I hope  you  will  not  think  this 
account  of  it  unworthy  the  attention  of  the  Society. 

The  fpot  on  which  the  well  was  funk  is  nearly  on  a level 
with  Lincoln  Heath,  and  of  courfe  high  ground  compared 
with  the  fen,  which  is  diftant  from  it  above  fix  miles.  The  foil 
was  uniformly  a blue  clay,  in  parts  rather  inclining  to  a lhaly 
ftrudture,  and  contained  many  calls  of  tellinae,  a very  little 
pyrites,  and  fome  few  fmall,  but  very  elegant,  belemnites. 
Thefe  are  all  the  ufual  foffils  of  clay ; but  what  I think  with- 
out example  is,  that  through  the  whole  mafs  of  clay  were  in- 
terfperfed  nodules  of  pure  chalk,  evidently  rounded  by  long 
attrition,  and  of  all  lizes  from  that  of  a pea  to  a child’s  head. 

They  lay  in  no  fort  of  order  that  I could  find.  Flow  deep 
this  appearance  might  have  continued  I cannot  determine,  but 
Bo  water  having  been  found  at  the  depth  of  thirty  feet,  the 
6 triaF 
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trial  was  given  up,  as  the  expence  would  have  exceeded  the 
advantage  propofed.  A fpecimen  of  the  chalk  is  herewith 
exhibited  to  the  Society. 

I muft  add,  that  in  all  the  environs  there  is  not  the  leaft 
trace  of  chalk  in  any  form  whatever  that  I could  difcover  or 
hear  of. 

:1am,  &c. 
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XX.  Agronomical  Oh  Jew  aliens  made  by  Nathaniel  Pigott,  Efq. 
F.  R~  S.  Foreign  Member  of  the  Academies  of  Bruffels  and 
Caen,  and  Correfpondent  of  the  Academy  of  Sciences  at  Paris, 
Communicated  by  Sir  Henry  C.  Englefield,  Bart,  F • R* 
and  A,  S, 


Read  May  3,  1 78 1 ; 

HAVING  given  in  the  Philofophical  Tranfa&ions,  voL 
LXVI.  for  the  year  1776,  and  vol.  JLXVIII.  part  II.  for 
11778,  an  ample  defeription  of • the  excellent  agronomical  in- 
ftruments  in  my  polfeffion,  it  will  be  needlefs  to  fay  any  thing 
here  on  that  fubjedt,  further  than  that  the  following  obferva- 
tions  were  made  with  them. 

During  the  fummer  of  1777,  part  of  which  I fpent  with 
Lady  widdrington,  at.  her  houfe  named  Wickhill,  about  a 
mile  from  Stow  on  the  Would,  Glouce/terfhire,  I determined, 
by  fix  obfervations  of  % ’s  fatellites,  compared  to  correfpon- 
dent ones  made  on  the  fame  days,  Wickhill  W.  of . Greenwich 
i°  29'  45".  It  is  proper  to  add,  this  is  likewife  the  longitude 
of  Stow,  it  being  under  the  fame  meridian,  or  very  nearly  fo, 
as  WickhilL 

In  1778  and  1779  I obferved  in  Glamorganfhire ; and  by 
thirty-five  meridian  obfervations  of  the  fun  and  ftars,  all  agree- 
ing within  iz"  from  the  mean,  I determined  the  latitude  oi 
my  obfervatory  at  Frampton  Houfe  510  25'  1"  N. 


Frampton 
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Frampton-houfe  lies  between  Cowbridge  and  Lantwit- 
about  four  miles  fouth  of  the  former,  and  one  mile  north  of 
the  latter,  and  about  two  miles  from  the  Briftol  channel ; is 
nearly  under  the  fame  meridian  as  Watchet,  a market  town  in 
Somerfetfhire. 

The  rocks  on  the  Welch  coaft,  which  . run  obliquely  flanting 
into  the  Briftol  channel,  render  the  navigation  fo  dangerous* 
that  each  year  affords  the  horrid  fpedtacle  of  fhips  wrecked ; 
and  here  I am  forry  to  add,  that  the  barbarous  cuftom  of  plun- 
dering thefe  unfortunate  veflels  ftill  fubfifts  in  all  its  inhuma- 
nity ; at  the  fame  time  it  would  be  injuftice  to  the  gentlemen 
of  the  country  to  pafs  under  filence  their  repeated  endeavours 
to  check  this  enormity  ; but  hitherto  their  efforts  have  not  been 
attended  with  much  fuccefs  : it  is  due  to  humanity  to  make  fuch 
bad  pradfices  public,  in  hopes  of  exciting  an  inquiry,  which 
juftice  and  the  honour  of  the  nation  loudly  call  for. 

The  little  that  has  been  faid  fuffices  to  fhew  the  expediency 
of  corredt  maps  of  this  channel.  The  univerfal  opinion  of  the 
country  is,  that  to  the  Somerfetfhire  oppofite  coaft,  about 
Watchet,  Purlock,  &c.  the  breadth  of  the  channel  is  twenty 
or  twenty-one  miles.  A fingle  glance  of  the  eye  feems  fuffi- 
cient  to  contradidt  this  notion ; however,  as  upon  infpedting 
my  maps  I found  the  diftances  fet  down  not  greatly  different 
from  what  report  had  made  them,  we  meafured  them  geome- 
trically, and  the  refult  gave  the  channel,  not  twenty,  but 
little  more  than  thirteen  miles  broad  at  the  abovementioned 
places. 

Upon  the  whole  it  is  to  be  wifhed,  that  aftronomical  obferva- 
tions,  fufficiently  corredl,  were  made  on  the  Somerfetfhire  fide, 
which  might  be  compared  with  thofe  I have  made  on  the  oppo- 
fite fhore.  It  may  poffihly  be  found,  that  the  towns  on  the 

Englifh 
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Englifti  coaft  are  placed  in  the  maps  too  much  fouth,  and  thole 
in  Wales  too  much  north  ; and  hence,  perhaps,  the  too  great 
breadth  given  to  the  Briftol  channel.  This  is,  atleaft,  the  cafe 
with  the  town  of  Lantwit,  which,  as  I have  laid,  is  to  the 
fouth  ward  of  Frampton-houfe,  the  latitude  of  which  is 
51°  25'  1 neverthelefs  the  belt  and  moft  extenfive  map  * I 
have  been  able  to  procure  gives  the  latitude  of  Lantwit 
510  29'  40",  that  is  to  fay  4'  39."  N.  of  Frampton-houfe. 
There  may  very  poffibly  be  particular  charts  of  the  Briftol 
channel  more  exaft: ; but  it  is  not  lefs  true,  that  the  common 
maps  ought  to  be  cleared  of  luch  enormous  errors. 

I determined  the  difference  of  meridians  between  Frampton- 
houfe  and  Greenwich  by  comparing  four  immerfions  and  four- 
teen emeriions  of  V-  ’s  firft  and  fecond  fatellites  tocorrefponding 
ones  made  in  other  obfervatories.  The  refult  is  as  follows  : 


App.  time.  Immerfions. 

34  11  By  an  obferv.  at  Greenwich. 

13  52 at  Upfal. 

13  54  — — — at  Paris. 

14  6 — at  Oxford* 


ix  i the  mean. 


/ 


App.  time.  Emerfions. 


/ // 

*3  43 
14  2 

T3  50 
13  45 
13  46 

13  44 

14  12 

13  50 

14  11 
13  42 

13  50 

13  59 
J4  3 
*4  7 


By  an  obferv.  at  Oxford. 

— at  Greenwich. 

N.  Almanack. 

at  Greenwich. 

*  — at  Oxford. 

■ . ■ — — at  Paris. 

— » at  Paris. 

*  at  Oxford. 

. at  Berlin. 

— at  Oxford. 

■ at  Greenwich, 

■ ..  at  Oxford. 

at  Greenwich. 

■■ — ■ at  Greenwich. 


13  55  Mean  of  emerfions. 

14  1 Mean  of  immerfions. 


13  58  by  a mean  of  the  means 

Frampton-houfe  W.  of  Greenwich  in  time,  or  30  29'  30"  by  the  equator. 


* By  john  adams.  The  fcale  is  to  minutes  of  a degree. 
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Occupations  of  fixed  ftars  obferved  at  Frampton-houfe  in 

1777  and  1778. 

App.  time.  O&ober  21,  1777. 

18  16  20  Imra.£  Pollux  5 doubtful  to  2"  or  3"* 


November  15. 

6 19  3 Irani,  ift,  £ Taurilnto  light  part  of 

6 54  22  Imm.  2d,  ^Tauri. 

7 8 42  Emerf.  iff,  ^ Tauri:  dark  part  of  J 

November  16. 

10  59  27  Imm.  fTauri:  very  good. 


doubtful  to  j'\ 


July  5,  1778. 

9 2 15I  Imm.  telefcopic  ftar : inftantaneous. 

9 3 28J  Imm.  ^772:  inftantaneous. 

10  27  8|  Emerf.  from  light  limb  of  D : fure  to  1"  or  2". 

Declination  of  the  needle. 

In  the  beginning  of  1 778  the  declination  well;  of  a magnetic 
needle  of  four  inches  made  by  Mr.  dollond,  appeared  to  be 
22°  11'. 
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Barometer. 

Thermometer. 

jRain.j 

[Mean 

rain. 

In  the  Houie. 

Abroad.  ■ 

i ! 

10  yrs. 

44  yrs. 

High. 

45-yr>. 

Higheft, 

Loweft. 

Mean.  \ 

H:gh. 

Low. 

Mean 

Low.j 

Mear, 

(71 — 80 

36 — 80 

Morn. 

Aftern. 

29,89 

28,16 

29.39 

39 

40 

28 

29 

34 

35 

36? 

43 

J 

r5? 
22 1 

27 

32 

1,013 

1,677 

I>573 

Morn. 

Aftern. 

30,06 

28,72 

29,49 

1 44 
44? 

33 

34 

3 7 

38 

.41 

46 

22 
3°  ? 

31 

39 

1,572 

1,871 

L378 

Morn. 

Aftern. 

29,94 

28,99 

29,47 

51? 

53? 

4 1 2 
43? 

46 

47? 

49 

61 

3° 

45 

40 

5 1 

r>i75 

i>355 

1 >3 1 5 

Morn. 

Aftern. 

29,77 

28,40 

29,21 

' 

53 

55 

4° 

41? 

46 

46 

52 

60 

29? 

38 

38 

48 

2,7,27 

i,3H 

lA 

. 

Morn. 

Aftern. 

29,83 

28,80 

29,48 

67 

72 

51 

52? 

55 

57 

65 

8of 

40? 

53 

5°-I 

61 

1,201 

2,081 

I5610 

Morn. 

Aftern. 

29,89 

29,26 

29,55 

654 

ni 

52 

52? 

57? 

59 

62| 

80 

43 

51 

53? 

64 

1,920 

2,374 

2,249 

Morn. 

Aftern. 

29,87 

29,21 

29,61 

69f 

71? 

58? 

59? 

63 

64 

65 

83 

51? 

61 

j>7? 

6g? 

1,566 

2,507 

2^16 

Morn. 

Aftern. 

29,81 

29,43 

29,65 

68 

72 

6 1? 
63 

64 

66 

63 
8 1 J 

52 

63 

58 

70 

0,432 

2,468 

2,347 

Morn. 

Aftern. 

29.79 

28,70 

29,38 

70 

73? 

53 

53? 

61 

63 

61 

82 

43 

53? 

52 

65 

3>427 

3>i42 

2,0l6 

Morn. 

Aftern. 

29,87 

28,20 

29,23 

5»1 

59 

46? 

48 

51 

52 

56 

64 

33? 

45? 

44 

53 

1 3,°8o 

2,975 

2,158  j 

Morn. 

* Aftern. 

30,00 

28,62 

29,41 

50 

5°? 

38? 

38? 

43 

43? 

A»i 

48 

19? 

3* 

3 6 
40  i 

1 1,461 

2,372 

i,943 

Morn. 

’ Aftern. 

30,08 

29,22 

29,83 

45 
I 45? 

35 

35 

40 

4°? 

46i 

50 

26 

3°£ 

35  ! 

oRl 

0°2 

1 o,S34 

5 

1,889 

i,740 

• • 

■ 1Z 

20  I08{26,024 

22-2  TO 

The 


A a a 2 


/%  » /> 
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The  three  dried:  feafons  from  one  month  to  twelve  are  the 
fame  as  in  vol.  LXI.  except  the  following. 


Months 


7 

10 

12 


Jan.-— Mar.  79 

0,582 

Feb.  and  Mar.  79 
Dec.  42  — Feb.  43 

1 

°>37° 

°>934 

Jan. and  Feb.  79 
Jan. — Mar.  40 

Sept.  40 — Aug.  4 1 

>3,427 

Oft.  40 — July  41 

10,174 

Oft.  39 — Apr.  40 

°>45* 

0,942 

°>543 


The  three  wetteft  feafons  from  one  month  to  twelve  are 
entirely  different  from  thofe  in  vol.  LXL 


1 

2 

3 

4 

5 

6 

7 

8 

9 

IQ 

II 

$2 


Sept 


Aug, 

July 

July 

July 

July 

July 

July 

Jan.- 

Dee. 

Nqv. 

o a. 


74. 

r and  6ept#74 
— Sept.  74 
—Oft.  75 
— Nov.  75 
r — Dec.  75 
75— Jan.  76 
75 — Feb.  76 
—Sept.  74 
73— Sept.  74 
73 — Sept.  74 
73— Sept.74 


8,000 
1 1,910 

*5**37 

17,988 

21,558 

22,654 

25,165 

28,360 

30,267 

33,164 

36,769 

39,39° 


Nov.  70 

Oft.  and  Nov.  70 
July— Sept.  75 
June — Sept.  74 
May —‘Sept.  74 
April— Sept.  74 
Mar.' — Sept.  74 
Feb. — Sept.  74 
July  75 — Mar.  76 
May  73 — -Feb.  74  3 
May  73 — Mar.  74 
May  7 3 — April  74  35 


7,818 

10,932 

17,620 

20,762 

22,285 

25*013 

26,959 

29,878 
0,877 
33>6o5 
,128 


May  73 

A ire.  and  Sept.  7 c 
Oft. — Dec.  70 
Oft.  70 — Jan.  71 
Aug. — Dtc.  70 
Jun. — Nov.  70 
July  63 — Jan.  64 
May — Dec.  73 
May  73— Jan.  74 
July75 — April  76 
July  75 — May  76 
May75—April76  34,877 


6,843 

10,430 

I3>54S. 

14,958 

I7>°38 

18,978 

22,902 

25,623 

28,931 

30,765 

2,39* 


The  year  began  with  froft,  and  was  perhaps  the  fevered:  winter 
fince  1 740,  but  there  was  not  a great  deal  of  fnow,  and  in  general 
it  was  calm.  The  froft  was  not  fo  fteady  as  it  was  that  winter, 
there  being  feveral  breaks  in  it  ; but  was  very  lharp,  and  the 
ice  was  never  intirely  gone  for  nine  or  ten  weeks  together  from 
December  22,  till  near  the  end  of  February,  when  it  went 
away  without  wet,  leaving  the  ground  remarkably  light  and 
fine,  and  the  weather  grew  mild,  and  continued  fo>  moft  part  of 
March;  but  the  coldnefs  of  the  ground  hindered  the  grafs  from 
growing  greatly  till  ttward  the  end  of  the  time.  The  feed- 

time 
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time  was  fine  and  good,  and  the  grain  came  np  very  well,  but 
the  firft  three  weeks  of  April  were  cold,  backening,  and  often 
frofty.  Toward  the  end  it  was  more  (howery,  warmer  and 
growing,  and  from  that  time  the  fpring  continued  to  come  on, 
and  there  were  fo  few  N.E.  winds  that  fhips  found  a difficulty 
in  getting  down  the  channel,  which  is  very  unufual  at  that 
time  of  year,  and  all  the  fpring  from  the  end  of  February  till 
toward  the  end  of  June  was  very  windy,  chiefly  N.W.  and 

s.w. 

In  the  former  part  of  fummer  there  were  at  times  very  hot 
days ; but  the  feafon  was  oftener  cool ; many  little  (bowers, 
which  in  fome  countries  were  fo  fmall  there  was  want  of  rain 
and  grafs,  here  we  did  pretty  well.  The  hay-time  was  fine,, 
but  the  crop  fmall.  The  harveft  was  exceedingly  well  got : 
the  barley  and  oats  good,  and  fome  of  the  wheat ; but  the  late* 
fown  was  thin  through  the  fevere  winter,  and  in  feveral  places 
the  wheat  was  mildewed,  which  could  not  be  by  wet  fuch  a 
year  as  this  j but  by  this  means  wheat  became  three  times  the 
price  of  barley,  being  50  and  52  (hillings  a quarter,  and  bar- 
ley 16  or  17  (hillings.  From,  the  latter  part  of  July  to  the 
beginning  of  September  it  was  very  dry,  hot,  and  burning ; 
much  fcorching  fun,  the  ground  very  much  burnt  up,  and 
great  want  of  water  ; but  the  N.E.  winds,  which  came  at  this 
time  of  year  inftead  of  the  fpring,  were  fometimes  frefh  and 
cool. 

The  beginning  of  September  the  rains  began,  and  for  above 
two  months  there  was  a good  deal,  with  fuch  fine  and  warm 
weather,  that  there  was  good  grafs,  a pleafant  autumn,  and 
Very  few  frofty  mornings,  and  the  ground,  which  before  was- 
fo  dry,  did  not  get  much  dirty  with  it.  The  wheat  feed-time 
was  fine,  and  the  weather  mild  till  the  middle  of  November, 

when 
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when  a hard  froft,  with  fnow,  made  people  think  of  a hard 
winter;  but  it  grew  mild  again,  was  chiefly  dark  and  cloudy, 
but  little  rain,  and  drying  a good  deal  of  December  ; remarka- 
bly calm,  but  near  a week’s  froft  about  Chriftmas. 

The  fickly  feafons,  which  began  in  Auguft  1779,  continued 
more  or  lefs  all  the  year ; and  about  the  fame  time  of  the  year 
increafed  again.  There  were  great  numbers  of  fevers  and  agues, 
Decially  in  and  near  the  fens,  which  were  very  obftinate,  and 
did  not  yield  to  the  ufual  medicines,  but  frequently  returned 
again,  and  hung  very  long  on  the  patients. 
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XXII.  Some  Calculations  of  the  Number  of  Accidents  or  Deaths 
which  happen  in  confequence  of  Parturition  ; and  of  the  Propor- 
tion of  Male  to  Female  Children , as  well  as  of  Twins,  mon - 
Jlrotis  Productions , and  Children  that  are  dead-born  ; taken  from 
the  Midwifery  Reports  of  the  Wefimmfter  General  Difpenfary  : 
with  an  Attempt  to  afcertain  the  Chance  of  Life  at  different 
Periods , from  Infancy  to  Twenty  fix  Tears  of  Age ; and  like- 
wife  the  Proportion  of  Natives  to  the  ref  of  the  Inhabitants 
of  London.  In  a Letter  from  Robert  Bland,  M.  D.  Phyfi - 
cian-Man-  Midwife  to  the  Weftminfter  General  Difpenfary* 
to  Samuel  Foart  Simmons,  M.  D . F.  R . S. 

Read  May  iq,  1781* 

DEAR  SIR, 

THE  great  advantage  of  hofpitals  and  other  fimilar  in  hit  up- 
turns, in  improving  and  difleminating  medical  know- 
ledge, is  generally  acknowledged  ; but  there  are  other  purpofes, 
they  feem  equally  calculated  to  anfwer,  which,  though  fubor- 
din  ate  to  the  former,  may  yet  deferve  atten  tion,  as  they  may 
throw  light  upon,  and  perhaps  finally  determine,  certain  poli- 
tical queftions,  about  which  various  opinions  are  at  prefent 
entertained.  Thus,  though  it  is  known  that  this  city  contains 
perfons  from  various  countries,  and  that  a very  fmall  por- 
tion of  its  inhabitants  are  natives ; yet  the  proportion  which 
the  latter  bear  to  the  aliens  can  at  prefent  only  be  gueffed  at.. 

But 


Dr.  bland’s  Midwifery  Reports 

But  this  question  might  he  refolved,  with  a tolerable  degree  of 
accuracy,  if  to  the  regifrer  of  the  names  of  the  perlbns  ad- 
mitted to  the  feveral  charities  were  added  the  places  of  their 
birth.  Again,  the  great  mortality  of  the  human  lpecies,  par- 
ticularly in  infancy,  and  the  fmall  chance  a child  has  to  attain 
to  years  of  maturity,  have  been  calculated  from  parifh*regifters, 
bills  of  mortality,  &c.  But  I do  not  know,  that  an  attempt 
has  hitherto  been  made  to  afcertain  them,  by  noting  the  num- 
ber of  children  a promifcuous  multitude  of  women  had  borne, 
together  with  the  number  they  had  been  able  to  preferve. 

This,  however,  is  what  I have  here  done ; and  from  it  I 
have  attempted  to  form  a table,  fhewing  the  chance  of  life  at 
different  periods.  l am  far  from  pretending  that  by  this  mode 
clear  arid  certain  intelligence  will  be  obtained ; but  in  a matter 
of  fuch  moment,  I prefume,  that  any  afliftance  will  be  accepta- 
ble. Dr.  SMELLIE  * has  curforily  mentioned,  for  the  encou- 
ragement of  his  pupils,  the  fmall  proportion  of  the  unnatural 
and  laborious  births  to  the  natural;  but  he  did  not  carry  his 
views  farther,  or  point  out  the  proportionate  number  of  confe- 
quent  accidents,  which  might  occur  to  retard  or  prevent  the 
recovery  of  the  woman,  although  this  is  not  lefs  neceflary  to 
be  known  than  the  former.  With  a view  to  thefe,  and  other 
ufeful  purpofes,  the  following  regilfer  has  been  kept  of  the 
moft  material  circumflances  concerning  the  patients  admitted  to 
the  midwifery-department  of  the  Weftminfter  General  Difpen- 
fary,  from  its  firfi:  inftitution,  in  the  year  1774,  to  the  prefen  t 
time ; viz* 

1.  The  ages  of  the  feveral  women. 

2>  The  number  of  children  they  had  borne* 

3.  The  fexes  of  the  children, 

* See  smellie’s  Midwifry,  8to,  p,  195. 
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4.  The  number  of  children  they  had  been  able  to  prefer ve. 

5.  The  place  or  country  where  they  and  their  hy  {bands  were 
born. 

And  after  the  delivery  of  the  patient  I have  conftantly  noted, 

r.  The  accidents  that  attended,  or  were  the  confequezxces 
of  parturition. 

2.  The  fexes  of  the  children  delivered. 

3.  The  number  of  twins  or  triplets.. 

4.  The  number  of  the  children  that  were  deficient  or  tnon- 

ftrous. 

5.  The  number  of  the  children  that  were  dead-born  : and. 
as  the  women  were  enjoined  to  return  their  letters  as  foon  as 
they  were  able  to  go  abroad,  I farther  intended  to  have  added 
the  proportion  of  the  children  who  died  under  four  or  five 
weeks ; but  many  of  the  women  negle&ing  this  duty,  pre- 
vented my  information  under  this  head  from  being  fo  compleat 
as  I could  have  wifhed.  Of  thofe,  however,  who  came,  or 
of  whom  certain  account  could  be  obtained,  the  number  is  fet 
down. 

From  the  above  mentioned  regifter  the  following  tables  and 
accounts  have  been  compofed ; and  as  the  greateft  care  and 
exa&nefs  were  ufed  in  recording  the  feveral  circumftances,  the 
fame  pundtuality  has  been  obferved  in  collecting  and  digefting 
them.  And  that  they  might  be  kept  as  free  from  error  as 
poffible,  tables  for  each  year  were  firft  compofed  and  com- 
pared together ; but  finding 'no  material  variation,  I did  not 
think  it  neceflary  to  produce  them  in  that  form.  My  firft  in- 
tention was  to  have  given  the  tables  limply,  and  without  any 
explanatory  obfervations  ; but  finding  I could  not  introduce  all 
the  circumftances  I had  noted  in  my*  regifter,  as  was  particu- 
larly thecafe  with  regard  to  the  firft.  table,  and  imagining  that 
Vol.  LXXL  B b b in 
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kfome  places  they  were  not  perfe&ly  intelligible,  without  fome 
explanation,  as  for  inftance  in  the  table  of  the  chance  of  life 
at  different  periods,  I have  ventured  to  add  fuch  occafional 
remarks  as  I think  will  tend  to  illuftrate  the  fubjedh 

As  my  firft  view  was  to  find  the  proportion  of  difficult 
labours,  and  of  the  accidents  or  deaths  that  happen  in  confe- 
quence  of  child-birth,  I £hall  begin,  with  the  following  table. 


Of  1897  women  delivered  under  the  care  of  the  Dilpenfary, 
63  or  1 in  30  had  unnatural  labours  : in 

18  of  thefe,  or  1 in  105,  the  children  prefented  by 


their  feet ; in 
36  or  1 in  52,  the  breech  prefented ; in 
8 the  arms  prefented  1 and  in 
1 the  funis* 


} 


or  1 in  2 1 o*. 


63 


17 


80" 


women,  or  1 in  nr*  had  laborious  labours  r in 
+8  of  thefe,  or  1 in  236,  the  heads  of  the  children  were 
leffened ; in 

4 a Angle  blade  of  a forceps  was  ufed ; and  in  the 

remaining 

5 in  which  the  faces  of  the  children  were  turned  to  the 

pubes,  the  delivery  was  at  length  accomplilhed  by 
the  pains. 

*7 


80 

I 

* In  all  thefe  nine  cafes  the  children  were  turned. 

f Two  of  thefe  women  have  fince  been  delivered  of  fulLfized  healthy  children. 

A third  bore  a very  fmall  and  weakly  child,  who  died  in  two  or  three  days.  A 

fourth 
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i woman  had  convulftons  about  the  feventh  mouth  of  her 
pregnancy,  and  was  delivered  a month  after  of  a dead 
child,  and  recovered, 

i woman  had  convulfions  during  labour ; brought  forth  a 
live  child,  and  recovered. 

*"p  women,  or  i in  210,  had  uterine  haemorrhage  before 
and  during  labour. 

Of  thefe  1 died  undelivered^; 

1 died  a few  hours,  and 
i ten  days,  after  delivery,  and 
6 recovered. 

9 

5 women  had  the  puerperal  fever,  of  whom  four  died.  In 
one  of  thefe  the  placenta  was  undelivered,  and  conti- 
nued fo  to  her  death. 

a women  were  feized  with  mania,  but  recovered  in  about 
three  months.  In 

1 woman  a fuppuration  took  place,  foon  after  labour,  from 
the  vagina  into  the  bladder  and  rectum.  This  patient 
recovered,  but  the  urine  and  ftools  continue  to  pafs 
through  the  wounds.  Of 

99 

fourth  was  delivered  of  a feven-months  child,  without  mutilating  it,  which  died  in 
its  palfage.  The  number  of  women,  therefore,  who  from  error  in  their  conforma* 
tion  were  incapable  of  bearing  live  children  appears  to  be  very  inconliderable. 
Of  the  remaining  four  I have  not  been  able  to  get  any  intelligence, 

* In  thefe  nine  cafes  only  one  child  was  faved. 
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i woman  the  perineum  was  lacerated  to  the  fphin&er 
ani.  A future  was1  attempted,  but  without  effeft  ; fhe 
recovered,  but  is  troubled  with  prolapfus  uteri. 

5 had  large  and  painful  fwellings  of  the'  legs  and  thighs. 


but.  recovered. 

„ — A ' e 

105-  therefore  of  thefe,  or  1 in  18,  had  preternatural  or  labo- 
rious births,  or  fuffered  in  conlequence  of  labour. 
Of  this  number  of  cafes  43,  or  1 in  44,  were  attended 
with  particular  difficulty  or.  danger;  and  7 only,  or 
1 in  270,  died.  The  remaining  62  were  delivered 
and  recovered  with  little  more  than  the  common 
affifhnce  : and 

1792  had  natural  labours,  not  attended  with  any  particular 
accidents. 


Of  two  women  the  uterus  was  retroverted  in  the  third  or 
fourth  month  of  their  pregnancy ; but  in  both  the  uterus  was 
replaced,  and  the  women  went  to  their  full  time,  and  brought 
forth  live  children. 

Befides  the  accidents  above  enumerated,  it  feems  right  to 
obferve,  that  many  of  the  women  were  afflicted  with  fevere 
after-pains,  or  had  what  is  called  the  milk-fever;  but  as  thefe 
complaints  were  generally  relieved  in  three  or  four  days,  and 
-did  not  feem  to  have  any  influence  in  retarding  their  recovery. 
Or  to  affett  their  future  healths,  no  notice  is  taken  of  them. 
Some  women  alfo  had  fymptoms  of  incipient  prolapfus  uteri, 
who  had  not  before  been  troubled  with  that  complaint ; but  as 
j I feldora 
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1 feldom  faw  them  above  once  or  twice,  I cannot  give  the  re- 
fult.  But  as  few  of  them  were  able  to  indulge  themfelves  with 
reft,  or  to  comply  with  the  rules  neceflary  for  their  cure,  it  is 
to  be  feared,  that  in  many  of  them  the  complaint  would  gra- 
dually increafe;  and  that  in  a courfe  of  years,  the  uterus 
would  make  its  appearance  externally when,  finding  it  an  im- 
pediment to  their  adtivity,  they  would  apply  and  iubmit  to 
wear  a peflary,  or  to  fuch  palliatives  as  in  that  ftate  can  only 
be  adminiftered.  Excepting  this  accident,  and  the  fluor  albus, 
to  which  many  of  them  are  fubjedt  after  child-bearing,  but 
which,  I think,  does  not  often  materially  affedt  their  healths 
until  late  in  life,  I am  inclined  to  believe,  that  the  lower  fort 
of  people  recover  more  certainly  after  parturition  than  perfons 
in  higher  ftations  of  life : at  leaft,  they  are  lefs  fubjedt  to  the 
puerperal  fever,  which  is  fo  fatal,  if  not  checked  on  its  firft 
attack ; and  which,  if  not  caufed,  is  certainly  liourifhed,  and 
its  malignancy  increafed,  by  great  fires,  clofe  rooms,  warm 
feptic  diet  and  coftivenefs.  But  the  apartments  of  the  poor  are 
generally  fo  crazy,  that  without  opening  doors  or  windows,  to 
which  they  are  fufficiently  averfe,  the  air  pours  ill  upon  them 
from  all  fides.  To  this  circumftance,  added  to  their  inability 
to  keep  great  fires,  or  to  indulge  themfelves  with  animal  food, 
and  to  the  care  that  is  taken  very  early  to  empty  their  bowels,  I 
have  been  induced  to  attribute  their  fo  generally  efcaping  this 
fatal  difeafe  ; and  by  adopting  rules  in  my  private  pradtice  con- 
fonant  to  this  idea,  I have  the  fatisfadlion  to  be  able  to  fay,  that 
I have  not  feen  the  puerperal  fever  among  my  private  patients 
for  more  than  three  yearn 
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table  of  the  proportion  of  male  to  female  children,  of  the 
number  of  twins,  and  of  the  children  that  were  deficient  or 
monftrous,  and  of  thofe  that  were  dead-born. 

1897  women  were  delivered  of  1923  children;  972  boys 
and  95 1 girls,  or  as  46  boys  to  45  girls. 

23  of  the  women,  or  1 in  80,  were  delivered  of  twins,  16 
of  whom  were  boys  and  30  girls. 

1 woman  was  delivered  of  3 girls. 

Of  the  twins  and  triplets,  therefore,  the  males  were  only 
half  the  number  of  the  females. 

8 of  the  children,  or  1 in  241,  were  deficient  or  monftrous. 
Of  thefe  1 was  web-fingered ; 

1 had  a hare-lip  ; 

1 had  a dropfical  head  and  diftorted  fpine  ; 

1 a dropfical  head ; 
in  1 a part  of  the  palate  ; 

and  in  2 a confiderable  portion  of  the  cranium  * was 
wanting ; 

and  1 had  two  heads  f , fee  fig.  1 . 

8 


One 

^ One  of  thefe  lived  an  hour  after  it  was  born, 

f This  was  the  child  of  Elizabeth  wife  of  b&omfif.ld,  Peruke-maker, 

Jees-court,  Oxford-ftreet.  It  had  two  heads  and  necks,  four  hands  and  arms, 
two  fpines,  uniting  at  the  facrum,  and  terminating  in  one  pelvis,  ftom  whence 
the  lower  extremities  proceeded  tingle : there  was  one  navel-ftring,  and  one  male 
organ  of  generation.  On  opening  the  body  there  were  found,  two  thoracic  cavi- 
ties, the  right  more  compleat  than  the  left  : the  heart  alfo,  and  the  lungs  on  the 
right  iide,  were  more  perfeft  than  thofe  on  the  left,  which  latter  were  very  fmall. 

'i  ~ There 
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One  woman  was  delivered  of  a twin  *•,  fee  fig.  2. 

84  of  the  children,  or  1 in  23  of  the  whole  number,  were 
dead-born  +•  Of  thefe,  49,  or  nearly  five-eighths,  were  boys, 
and  35  were  girls. 

Of  1400  women  who  returned  their  letters,  or  of  whom  a 
certain  account  could  be  obtained,  85,  or  nearly  1 in  16,  had 


There  were  two  ftomachs,  two  fets  of  inteftines,  which,  at  length  uniting,  ter- 
minated in  one  recftum  and  anus.  There  was  but  one  urinary  bladder.  The 
drawing  that  accompanies  this  will  give  a more  juft  idea  of  its  external  figure ; 
and  Dr.  hunter,  who  difleifted  it,  will  probably  one  day  oblige  the  world  with 
an  exa&  anatomical  defcription  of  it. 

* Of  this  lingular  production,  to  which  I have  not  ventured  to  give  a name, 
the  following  is  the  hiftory  and  defcription.  The  woman  who  produced  it  is 
about  twenty-feven  years  of  age ; this  was  her  firft  pregnancy.  She  was,  after  a 
labour,  delivered  of  a female  foetus,  and  its  placenta,  in  which  nothing  uncommon 
was  obferved;  and  although  the  uterus  remained  of  an  unufual  fize,  yet  the  pains 
not  recommencing,  there  was  no  fufpicion  entertained  but  that  its  bulk  was  occa- 
fioned  by  coagulated  blood.  On  the  third  day  the  pains  became  violent,  and  this 
monfter  was  born.  Its  lhape  was  fpherical,  but  fomewhat  flattened.  It  mea- 
fured  in  its  Iargeft  diameter  eight  inches,  and  weighed  about  eighteen  ounces.  It 
received  its  nourifhment  by  an  umbilical  chord,  to  which  was  attached  a portion 
of  membranes,  and  although  no  placenta  was  found,  it  is  probable  it  had  a fmall 
one,  and  that  it  was  inclofed  in  its  own  involucrum.  It  was  completely  covered 
with  acuticula,  and  a little  above  the  part,  where  the  navel-ftring  terminated,  there 
was  a hairy  fcalp  covering  a bony  prominence,  fomewhat  refembling  the  arch  of  the 
cranium.  On  difle&ion  it  was  found  to  be  plentifully  fupplied  with  blood  veflels, 
proceeding  from  the  navel-ftring,  and  branching  through  every  part  of  it*  It  had  a 
fmall  brain  and  medulla  fpinalis  continued  into  a bony  theca,  with  nerves  palling 
from  thence  through  the  foramina  of  the  bones ; but  no  refemblance  of  any 
thoracic  or  abdominal  vifcera.  The  reft  of  its  bulk  was  made  up  of  fat. 

f By  dead-born  children  I mean  thofe  that  die  after  they  have  been  perceived  to 
move,  that  is,  generally  after  four  months.  Abortions,  or  deaths  before  that 
period,  may  reafonably  be  eftimated  at  double  this  number ; fo  that,  perhaps, 

1 child  in  8 dies  in  the  womb,  or  in  the  a 6t  of  coming  into  the  world. 
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buried  their  children  before  the  end  of  two  months.  Of  this 
number  53,  or  5 in  8,  were  boys,  and  32  girls. 

This  lingular  circumftance  of  there  being  a greater  number 
of  males  than  females  among  the  ftill-born  children,  and  of  a 
greater  number  of  male  children  dying  in  infancy  than  of 
females,  has  been  remarked  by  Dr.  price  and  other  writers  on 
calculations ; and  Dr.  haygarth  * has  Ihewn  that  at  Chefter 
more  hulbands  die  in  a given  period  than  wives.  This  natu- 
rally fuggefts  an  enquiry,  whether  the  lives  of  males  are  at  all 
ages  more  precarious  than  thofe  of  females. 

To  be  enabled  to  affift  in  anfwering  this  queftion,  I have 
added  the  following  article  to  my  regifter,  viz . of  the  children 
that  fhall  be  living  at  the  time  the  women  apply  for  their  letters, 
how  many  will  be  boys,  and  how  many  girls  ? 


* Obfervations  on  the  bills  of  mortality  in  Chefter  for  the  year  1 772. 
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table  of  the  ages  at  which  women  begin  and  ceafe  to  he  capable 
of  bearing  children,  and  of  the.  intermediate  . periods,  at 
which  they  are  mcft  fo. 

Of  2102  * pregnant  women 

Years  of  age. 

+ 36  or  i hi  58  were  from  - 15  to  19T85,  or  j in  25,,  from 

49  or  1 in  43  were  - 20/  15  to  20  inclufive. 

578  or  5 in  1 9 were  from  ° 21  to  2511684,  or  four -fifths 

699  nearly  1 in  3 were  from  26  to  30  > were  from  21  to 

407  nearly  1 in  5 were  from  31  to  35  J 35  inclufive. 

291  or  3 !in  22  were  from  - 36  to  40 

36  or  1 in  58  were  from  - 41  to  45^42,  or  1 in  50,  from 

6 or  1 jin  350  were  from  46  to  49 j 41  to  49,. 

2102 


* Although  2102  wome%  the  number  here  mentioned,  obtained  letters,  en- 
titling them  to  the  affiflance  of  the  midwives,  1897  onty  werc  delivered  by  them  : 
the  remainder  either  removed  out  of  the  bounds  of  the  Difpenfary,  or,  from  fome 
alteration  in  their  circumftances,  were  obliged  to  go  to  an  hofpital  or  workhoufe. 
f 1 of  thefe  women  was  between  15  and  16  years  of  age, 

1 between  16  and  17 ; 

3 between  17  and  18; 

10  between  18  and  19;  and 

21  between  19  and  20, 

3<> 
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tables  of  the  number  of  children  borne  by  1389  ^ women, 
with  the  number  that  were  living  at  the  time  of  their 
applying  to  the  Difpenfary. 


— L " 

Women. 

N°  of  chil- 
dren borne 
by  each  wo- 
man. 

Total  of  chil- 
dren born. 

Total  of  chil- 
dren living. 

N°  of  women 
who  had  pre- 
ferved  their 
children. 

N°  of  chil- 
dren pre- 
ferred by 
each  woman. 

Total  of  chil- 
dren pre- 
ferved. 

I 

24 

24 

5 

— 

— 

— 

I 

17 

17 

3 

— 

3 

l6 

48 

5 

— 

— 

— 

2 

H 

28 

1 1 

■ — 

— 

11 

13 

155 

46 

— 

— 

— 

14 

12 

l68 

44 

■ • 

— 

• 

I I 

l65 

45 

I 

1 1 

1 1 

22 

IO 

2-20 

84 

— 

— 

— 

33 

9 

297 

93 

— 

— 

' — 

56 

8 

448 

151 

4 

8 

32 

74 

7 

518 

213 

3 

7 

21 

89 

6 

534 

214 

11 

6 

66 

138 

5 

690 

288 

32 

5 

160 

169 

4 

676 

293 

84 

4 

336 

208 

n 

O 

624 

299 

174 

3 

522 

254 

2 

508 

259 

306 

2 

612 

299 

I 

299 

I7I 

454 

1 

464 

1389 

t54r9 

2224 

1079 

2224 

and  370  were  in  their  firfl  pregnancy. 

and  310  had  loft  all  their  childr. 

*389 

* Ci 

1 >389 

* In  order  to  account  for  the  difference  between  the  number  of  the  women  in 
thefe  and  the  preceding  tables,  it  is  proper  to  mention,  that  this  account  was  not 
begun  until  fome  months  after  the  former  one.  In  thefe  alfo  care  has  been  taken 
that  no  woman  is  reckoned  more  than  once,  although  many  of  them  had  been 
affifled  by  the  midwives  to  the  Difpenfary  tw^o,  three,  or  four  times.  370,  as 
noted  in  the  table,  were  in  their  firfl  pregnancy. 

f Of  thefe  3419  children  2747  were  boys,  and  2672  girls,  or  nearly  as  36  boys 
to  35  girls.  This  proportion  of  the  boys  to  the  girls  will  be  found  a little  dif- 
ferent from  what  is  given  in  the  table  p.  3 62, 
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I have  placed  thefe  two  tables  together,  that  we  might  have 
an  opportunity  of  obferving  how  exceedingly  fertile  the  women 
of  the  poorer  claffes  in  this  country  are ; and  at  the  fame  time 
how  unable  to  rear  any  confiderable  number  of  children  ; for, 
although  521  of  the  women  had  borne  fix  children  and  up- 
wards each,  and  were  all  again  pregnant,  19  only  of  them 
had  been  able  to  rear  fix  or  more  children ; and,  although  102 
of  the  women  had  borne  nine  children  and  upwards  each,  only 
one  of  them  had  been  able  to  preferve  that  number  living. 

I am  inclined  to  believe,  that  this  great  mortality  amongft 
the  children  does  not  arife  from  any  natural  imbecillity  or  a 
conftitution  vitiated  from  the  birth,  many  of  thofe  victims 
being  born  with  all  the  appearances  of  health  and  vigour ; but 
that  we  ought  rather  to  fearch  for  the  caufeof  it  in  the  poverty 
of  the  parents,  which  prevents  their  taking  the  neceflary  care 
of,  or  even  affording  fufficient  cloathing  and  nourifhment  to 
their  offspring.  Whether  this  great  check  to  population  is  in 
its  nature  irremediable ; and  whether  an  abatement  in  the 
parifh  rates  and  taxes,  but  particularly  the  former,  to  perfons 
rearing  more  than  a certain  number  of  children,  or  any  other 
mode  of  relief  and  encouragement,  would  contribute  to  reftrain 
fo  melancholy  an  evil,  are  inquiries  well  deferving  the  atten- 
tion of  government.  In  order  to  determine  how  well  my  con- 
jectures on  this  fubjeCt  are  founded,  it  might  be  ufeful,  per- 
haps, to  learn  what  the  proportion  of  deaths  is  in  more 
opulent  families,  where  the  caufe  juft  now  mentioned  can 
have  but  little  influence.  But  this  muft  be  the  refult  of  the 
united  obfervations  of  different  practitioners. 

I fhall  now  from  thefe  tables  attempt  to  collect  what  the 
chance  of  life  is  at  different  periods,  from  infancy  to  twenty- 
fix  years  of  age ; but,  that  I may  be  underftood,  it  will  be 
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iiecelfary  to  premife  fome  account  of  the  method  I have  fol- 
lowed. 


I have  fuppofed  each  of  the  women  to  bear  a child  every  two 
years ; this,  from  the  account  of  thofe  who  returned  to  the 
Difpenfary  a fecond,  third,  or  fourth  time,  appearing  to  be  the 
-mean  term.  Upon  this  principle,  when  1 find  that  a woman 
applied  at  the  Difpenfarj^  who  had  had  one  child  before,  I con- 
clude, that  that  child  would  be  two  years  old,  if  living ; but 
if  the  woman  had  borne  two  children,  I fuppole  that  the  firft 
would  be  four,  the  fecond  two  years  old,  and  fo  on.  And 
finding,  that  of  299  children  borne  by  as  many  women,  who 
were  now  advanced  in  their  fecond  pregnancy,  171,  or  feven- 
iweifths  only  were  living,  I conclude,  that  on  an  average  5 out 
of  12  die  under  two  years  of  age:  and  obferving  that  of  508 
children  borne  by  254  women,  who  were  now  advanced  in 
their  third  pregnancy,  259  only  were  living,  I firft  deduct  210, 
which  is  five-twelfths  of  the  whole  number,  who  died  under 
two  years  of  age  ; and  then  find  that  39,  which  is  nearly  one- 
twelfth  of  the  whole  number,  or  one-feventh  of  the  furvivors, 
died  between  two  and  four  years  of  age* 
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table  of  the  chance  of  life  from- infancy  to  26  years  of  age- 


Age. 

Perfons 

living. 

Decreafe 
of  life. 

O 

5400 

2250 

5 jn  12. 

2 

3*S° 

45°  - 

6 m 1 29  or  r in  7 of  the  furvivors. 

4 

2700 

180  . 

'8  in  15,  or  I in  15  of  the  furvivors. 

6 

2520 

204 

4 in  7,  or  i>  in  12  and  of  the  furvivors,. 

8 

2313 

6 in  10,  or  1 in  15  of  the  furvivors. 

.18 

26 

2160 

162a 

54P 

7 In  to,  or  1 in  4 of  the  furvivors* 

3780  or  {even-tenths  would  die. 

1620  or  three- tenths  would  be  living  at  the  end  of  26  yearn. 


5400. 


Whether  this  mode  of  calculating  the  chance  of  life  will  be 
admitted  by  gentlemen  who  have,  made  fpeculations  of  this 
kind  their  peculiar  ftudy,  I know  not-  I eonfefs,,  that  when  I 
fir  ft  thought  of  it?  I expefted  it  would  have  proved  more  cer- 
tain and  accurate  than  upon  examination  I have  found  it  to  be  s 
for,  although  in  the  firft  feries  of  years,  where  the  deaths  are 
numerous,  the  proportions  agree  tolerably  well  with  the  tables 
of  M..  buffo n and  others,  yet  as  we  advance  we  find  ourfelves 
obliged  to  take  longer  periods  than  two  years.  Thus,  for  in- 
ftance,  we  may  obferve,  that  although  from  2 to  4,  from  4.  to  6, 
and  from  6 to  8 years  of , age,.  the  decreafe  continues  to  go  on  ; 
yet  fo  far  is  this  from  being  the  cafe  between  the  ages  of  8 and 
10,  or  even  12,  that  there  then  appears  to  be  feme  trifling  in- 
t creafe.  But  as  the  proportion  of  deaths  from  8 to  10  or  1 2 is. 
probably  inconfiderable,  a very  fmall  deduction  from  the  deaths, 
in  the  earlier  years  would  rectify  this  difference.  'A  deviation 
of  this  kind,  I prefume,  might  be  occafioned  by  the  fmall-pox9 

or 
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or  fome  other  epidemic,  prevailing  amongft  children  during 
two  or  three  years  of  the  time  I was  making  this  colle&ion, 
which  would  occafion  the  decreafe  in  the  firft  and  fecond  feries 
to  be  greater  than  ufual.  If  this  fhould  prove  to  be  the  cafe,  it 
is  probable,  that  in  a courfe  of  years,  by  comparing  this  with 
a variety  of  fimilar  tables,  the  true  medium. may  be  found. 

A comparative  table  of  the  population  of  London,  with  a 
view  to  Ihew  the  proportion  of  natives  to  perfons  born  in  the 
different  counties  of  England  and  Wales,  in  Scotland,  Ire- 
land, or  foreign  countries. 

Of  3236  married  perfons 

824  or  one- fourth  were  born  in  London. 

1870  or  four-fevenths  in  the  different  counties  of  England  and 
Wales. 

2 ©9  or  1 in  15  in  Scotland. 

280  or  1 in  1 1 in  Ireland. 

53  or  1 in  60  were  foreigners. 

323 6 


Of  the  above  number  the  males  and  females  were  in  the 

following  proportions. 

Men.  Women. 

329  were  born  in  London,  and  495  or  166  more  than  men. 


952  - 

in  different  counties 

917  or  35  fewer  than  men. 

J35  - 

in  Scotland, 

74  or  61  fewer  than  men. 

162  - 

ill  Ireland,  — 

1 1 9 or  43  fewer  than  men. 

40  - 

were  foreigners, 

13  or  27  fewer  than  men. 

1618 


1618  166 


Thus, 


of  the  Weftmmfter  General  Difpenfary. 

Thus,  of  824  married  perfons  born  in  London,  there  were 
one-fifth  more  women  than  men.  This  may  be  accounted  for 
either  by  fuppofing  a greater  number  of  males  to  die  or  to  mi- 
grate before  they  attain  a marriageable  age  than  women.  It  is 
alfo  to  be  obferved,  that  of  the  Scotch  and  of  the  foreigners  the 
women  are  in  proportion  to  the  men  as  about  1 to  3 ; but  of 
the  Irifh  they  are  as  3 to  7. 

By  this  table  we  find  at  how  great  an  expence  to  the  coun- 
try this  city  is  maintained ; and  as  we  may  fuppofe  that  the 
bulk  of  the  Scotch,  Irifh,  and  foreigners,  who  come  into  the 
kingdom,  refide  in  the  metropolis,  we  hence  may  alfo  learn  in 
what  proportion  they  contribute  to  repair  the  wafte  which 
is  incurred  by  its  exceflive  populoufnefs.  A more  compleat 
knowledge  of  thefe  fails  may  give  rife  to  regulations  which, 
if  the  calculations  of  Dr.  price  fhall  be  found  to  be  juft,  are 
but  too  neceflary  ; but  I fear  I have  already  intruded  upon  your 
patience,  and  extended  this  paper  beyond  its  due  bounds.  I 
fhall  only  add,  that  if  thefe  inquiries  fhould  be  favourably  re- 
ceived by  the  illuftrious  body  to  whom  you  have  fo  obligingly 
undertaken  to  prefent  them,  they  will  be  continued,  and  their 
italue  of  courfe  increafed  by  the  additional  number  of  objects 
which  each  year  will  fupply. 

I am,  &c. 

St.  Alban’s  Street, 

March  26,  278s. 
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XXIII.  Account  of  a Child  who  had  the  Small-pox  in  the  Womb . 
In  a Letter  jrom  William  Wright,  M*  Z).  F.  R.  S.  to  John 
Hunter,  Eft.  F„  R.  S. 

Read  May  2i,  1781. 

Southampton-buildings,  Holbofo, 

S I R,  Feb.  27,  1781. 

I HAVE  read  with  much  pleafure  and  information  Mrs. 

ford’s  cafe,  which  you  publiftied  in  Phil.  Tranf.  vol. 
LXX.  p.  128.  From  the  faCts  you  have  adduced  it  amounts 
to  a certainty,  that  her  foetus  had  received  the  variolous  in- 
fection in  the  womb. 

This  induces  me  to  lay  before  you  a fmgular  cafe,  that  fell 
under  my  care  fome  years  ago.  I am  forry  I cannot  be  more 
particular,  having  unfortunately  loft  all  my  books  and  my 
notes  of  praCtice  of  this  cafe  and  feveral  others,  by  the  capture, 
of  the  convoy  on  the  9th  of  laft  Auguft. 

In  1768  the  fmall-pox  was  fo  general  in  Jamaica  that  very 
few  people  efcaped  the  contagion.  About  the  middle  of  June 
Mr.  peterkin,  merchant  at  Martha-brae,  in  the  parifh  of 
Trelawney,  got  about  fifty  new  negroes  out  of  a fhip : foon 
after  they  landed,  feveral  were  taken  ill  of  a fever,  and  the 
fmall  pox  appeared ; the  others  were  immediately  inoculated. 
Amongft  the  number  of  thofe  who  had  the  difeafe  in  the 
natural  way,  was  a woman  of  about  twenty-two  years  of  age, 
and  big  with  child.  The  eruptive  fever  was  flight,  and  the 

fmall-pox 
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fmall-pox  had  appeared  before  I faw  her.  They  were  few, 
dilKn£t  and  large,  and  fbe  went  through  the  difeafe  with  very- 
little  trouble,  till  on  the  fourteenth  day  from  the  eruption  (lie 
was  attacked  with  the  fever,  which  lafted  only  a few  hours." 
She  was,  however,  the  fame  day  taken  in  labour,  and  deli- 
vered of  a female  child  with  the  fmall-pox  on  her  whole  body, 
head,  and  extremities.  They  were  diftinfl  and  very  large, 
fuch  as  they  commonly  appear  on  the  eighth  or  ninth  day  in 
favourable  cafes.  The  child  was  fmall  and  weakly  ; (he  could 
fuck  but  little ; a wet  nurfe  was  procured,  and  every  poffible 
care  taken  of  this  infant,  but  fhe  died  the  third  day  after  fhe 
was  born.  The  mother  recovered,  and  is  now  the  property  of 
Alexander  peterkin,  Efq.  in  St.  James’s  Parifh. 

In  the  courfe  of  many  years  practice  in  Jamaica,  I have  re- 
marked, that  where  pregnant  women  had  been  feized  with  the 
natural  fmall-pox,  or  been  by  miftake  inoculated,  that  they 
generally  mifearried  in  the  time  of,  or  foon  after,  the  eruptive 
fever ; but  I never  faw  any  figns  of  fmall-pox  on  any  of  their 
bodies,  except  on  the  child’s  above  mentioned* 

I am*  &c. 


j 
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XXIV.  Natural  Hijlory  of  the  InfcB  which  produces  the  Gum 
Lacca . By  Mr.  James  Kerr,  of  Patna;  communicated  by 
Sir  Jofeph  Banks,  P.  R.  S. 


Read  May  24,  1781. 


COCCUS  LACCA. 


Head  and 
trunk. 


Tail. 

Feet. 


THE  head  and  trunk  form  one  uniform,  oval, 
compreffed,  red  body,  of  the  fhape  and  magni- 
tude of  a very  fmall  loufe,  confifting  of  twelve 
tranfverfe  rings.  The  back  is  carinate  ; the  belly 
flat ; the  antennas  half  the  length  of  the  body, 
filiform,  truncated,  and  diverging,  fending  off 
two,  often  three,  delicate,  diverging  hairs,  longer 
than  the  antennae.  The  mouth  and  eyes  could 
not  be  feen  with  the  naked  eye. 

The  tail  is  a little  white  point,  fending  off  two 
horizontal  hairs  as  long  as  the  body. 

It  has  three  pair  of  limbs,  half  the  length  of 
the  infedL 

I have  often  obferved  the  birth  of  thefe  infedls, 
but  never  could  fee  any  with  wings  ; nor  could  I 
find  any  diftinilion  of  fexes,  nor  obferve  their 
connubial  rites  : nature  and  analogy  feem  to  point 
out  a deficiency  in  my  obfervations,  poffibly 
1 owing 
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owing  to  the  minutenefs  of  the  objed,  and  want 
of  propet  glafles. 

This  in  fed  is  defdribed  in  that  ftate  in  winch 
it  failles  forth  from  the  womb  of  the  parent  in 
the  months  of  November  and  December.  They 
traverfe  the  branches  of  the  trees  upon  which 
they  were  produced  for  fome  time,  and  then  fix 
themfelves  upon  the  fucculent  extremities  of  the 
young  branches.  By  the  middle  of  January 
they  are  all  fixed  in  their  proper  fituations,  they 
appear  as  plump  a&  before,  blit  fhew  no  other 
marks  of  life*  The  limbs,  antennae,  and  fetae 
of  the  tail  are  no  longer  to  be  feen.  Around 
their  edges  they  are  environed  with' a fpiflid  fub- 
pellucid  liquid,  which  feeitis  to  glue  them  to  the 
branch  : it  is  the  gradual*  accumulation  of  this 
liquid,  which  forms  a compleat  cell  for  each  in- 
fed,  and  is  what  is  called  Gum  Lacca.  About 
the  middle  of  March  the  cells  are  completely 
formed,  and  the  infed  is  in  appearance  an  oval, 
fmooth,  red  bag,  without  life,  about  the  fize  of 
a fmail  cuchanical  infed,  emarginated  at  the  pb- 
tufe  end,  full  of  a beautiful  red  liquid.  I11  Octo- 
ber and  November  we  find  about  twenty  or  thirty 
oval  eggs,  or  rather  young  grubs,  within  the 
red  fluid  of  the  mother.  When  this  fluid  is  all 
expended,  the  young  infers  pierce  a hole  through 
the  back  of  their  mother,  and  walk  off  one  by 
one,  leaving  their  exuviae  behind,  which  is  that 
white  membraneous  fubftance  found  in  the  empty 
cells  of  the  Stick  Lac. 

D d d 2 Place.. 
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The  infedts  are  the  inhabitants  of  four  trees. 

1.  Ficus  Religiofa,  linnjei.  In  Hindoftan, 
Pipul.  Banyan  Tree. 

2.  Ficus  Indica,  linnjei.  In  Hindoftan,  Bhur. 
Banyan  Tree. 

3.  Plafo  Hortus  Malabarici.  By  the  natives7', 
Prafo. 

4.  Rhamnus  Jujuha,  linn^ei.  In  Hindoftanick,. 
Beyr. 

The  infers  generally  fix  themfeives  fo  clofe 
together,  and  in  fuch  numbers*  that  I imagine 
only  one  in  fix  can  have  room  to  compleat  her 
cell : the  others  die,  and  are  eat  up  by  various 
infedts.  The  extreme  branches  appear  as  If 
they  were  covered  with  a red  duft,  and  their  fap 
is  fo  much  exhaufted,  that  they  wither  and  pro- 
duce no  fruit,  the  leaves  drop  off,  or  turn  to  a 
dirty  black  colour.  Thefe  infers  are  tranfplanted 
by  birds : if  they  perch  upon  thefe  branches, 
they  muft  carry  off  a number  of  the  infe&s  upon 
their  feet  to  the  next  tree  they  reft  upon.  It  is 
worth  obferving,  that  thefe  fig  trees  when 
wounded  drop  a milky  juice,  which  inftantly 
coagulates  into  a vifcid  ropey  fubftance,  which, 
hardened  in  the  open  air,  is  fimilar  to  the  cell  of 
the  Coccus  Lacca.  The  natives  boil  this  milk 
with  oils  into  a bird-lime,  which  will  catch  pea- 
cocks or  the  largeft  birds. 

A red  medicinal  gum  is  procured  by  incifion 
from  the  Plafo  Tree,  fo  fimilar  to  the  Gum 
Lacca  that  it  may  readily  be  taken  for  the  fame 

fubftance. 
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fubftance.  Hence  it  is  probable,  that  thofe  in- 
fers have  little  trouble  in  animalizing  the  fap  of 
thefe  trees  in  the  formation  of  their  cells.  The 
Gum  Lacca  is  rarely  feen  upon  the  Rhamnus 
Jujuba  ; and  it  is  inferior  to  what  is  found  upon 
the  other  trees.  The  Gum  Lacca  of  this  coun- 
try is  principally  found  upon  the  uncultivated; 
mountains  on  both  fides  the  Ganges,  where  boun- 
tiful nature  has  produced  it  in  fuch  abundance, 
that  was  the  eon fu mption  ten  times  greater  the 
markets  might  be  fupplied  by  this  minute  infeftw 
The  only  trouble  in  procuring  the  Lac  is  in  break- 
ing down  the  branches*  and  carrying  them  to 
market;  The  prefent  price  in  Dacca  is  about 
twelve  fliillings  the  hundred  pounds  weight,  al- 
though it  is  brought  from  the  diftant  country  of 
Afiam.  The  belt  Lac  is  of  a deep  red  colour. 
If  it  is  pale,  and  pierced  at  top,  the  value  dimi- 
nifties,  becaufe  the  infedts  have  left  their  cells, , 
and  confequently  they  can  be  of  no  ufe  as  a dye 
or  colour,  but  probably  they  are  hotter  for  var« 
nifties. 

This  infedf  and  its  cell  has  gone  under  the 
various  names  of  Gum  Lacca,  Lack,  Loc  Tree.. 
In  Bengal,  La;  and  by  the  Englilh  it  is  diftin- 
guiihed  into  four  kinds. 

1 ft.  Stick  Lac,  which  is  the  natural  ftate  from 
which  all  the  others  are  formed. 

2.  Seed  Lac  is  the  cells  feparated  from  the 
fticks. 

3d.  Lump 


Ufe  to  the 
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3d.  Lump  Lac  is  Seed  Lac  liquified  by  fire, 

and  formed  into  cakes. 

4th.  Shell  lac  i-s  the  cells  liquified,  drained, 
and  formed  into  thin  tranfparent  laminae  in  the 
following  manner.  Separate  the  tells  from  the 
branches,  break  them  into  fmall  pieces,  throw 
them  into  a tub  of  water  for  one  day,-  wadi  off 
the  red  water  and  dry  the  cells,  and  with  them 
fill  a cylindrical  tube  of  cotton  cloth,  two  feet 
long,  and  one  or  two  inches  in  diameter ; tie 
both  ends,  turn  the  bag  above  a charcoal  fire  ; as 
the  Lac  liquifies  twid  the  bag,  and*  when  a diffi- 
dent quantity  hag  tranfuded  the  pores  of  the 
doth,  lay  it  upon  a fmooth  junk  of  the  Plan- 
tain tree  (Mufa  Paradifiaca*  linn^ei),  and  with 
a drip  of  the  Plantain  leaf  draw  it  into  a thin 
lamella  ; take  it  off  while  flexible,  for  in  a mi- 
nute it  will  be  hard  and  brittle.  The  value  of 
Shell  Lac  is  according  to  its  tranfparency. 

This  is  one  of  the  mod  ufeful  infe&s  yet 
difcovered. 

The  natives  confume  a great  quantity  of  Shell 
Lac  in  making  ornamental  rings,  painted  and 
gilded  in  various  tades,  to  decorate  the  arms  of 
the  ladies  ; and  it  is  formed  into  beads,  fpiral 
and  linked  chains  for  necklaces,  and  other  female 
ornaments. 

Take  a ’dick,  and  heat  one  end  of  it  upon  a 
charcoal  fire  ; put  upon  it  a few  leaves  of  the 
Shell  Lac  foftened  above  the  fire;  keep  alter- 
nately heating  and  adding  more  Shell  Lac,  until 

you 
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you  have  got  a mafs  of  three  or  four  pounds  of 
liquified  Shell  Lac  upon  the  end  of  your  flick 
Knead  this  upon  a wetted  board  with  three 
ounces  of  levigated  cinnabar,  form  it  into  cylin- 
drical pieces ; and,  to  give  them  a polifh,  rub 
them  while  hot  with  a cotton  cloth; 

Take  a lump  of  Shell  Lac,  prepared  in  the 
manner  of  fealing-wax,  with  whatever  colour 
you  pleafe,  fix.it  upon  the  end  of  a flick,  heat 
the  polifhed  wood  over  a charcoal  fire,  and  rub  it 
over  with  the  half-melted  Lac,  and  polifh,  by 
rubbing  it  even  with  a piece  of  folded  Plantain 
leaf  held  in  the  hand ; heating  the  lacquer,  and 
adding  more  Lac  as  occafion  requires.  Their 
figures  are  formed  by  Lac,  charged  with  various 
colours  in  the  fame  manner. 

In  ornamenting  their  images  and  religious 
houfes,  &c.  they  make  life  of  very  thin  beat  lead, 
which  they  cover  with  various  varnifhes,  made  of 
Lac  charged  with  colours.  The  preparation  of 
them  is  kept  a fecret.  The  leaf  of  lead  is  laid 
upon  a fmooth  iron  heated  by  fire  below,  while 
they  fpread  the  varnifh  upon  it. 

Take  of  river  fand  three  parts,  of  Seed  Lac 
wafhed  one  part,  mix  them  over  the  fire  in  a pot, 
and  form  the  mafs  into  the  fhape  of  a grind- 
ftone,  having  a fquare  hole  in  the  center,  fix  it 
on  an  axis  with  liquified  Lac,  heat  the  ftone 
moderately,  and  by  turning  the  axis  it  may  eaflly 
be  formed  into  an  exact  orbicular  fhape.  Polifh- 

In'  this  manner  Lump  Lac  is  formed  from  Seed  Lac, 
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ing  grindftones  are  made  only  of  fuch  fand  as  will 
pafs  eafily  through  fine  muflin,  in  the  proportion 
of  two  parts  fand  to  one  of  Lac.  This  fand  is 
found  at  Ragimaul.  It  is  compofed  of  fmall  an- 
gular cryftalline  particles,  tinged  red  with  iron, 
two  parts  to  one  of  black  magnetic  fand. 

The  ftone-cutters,  inftead  of  fand,  ufe  the 
powder  of  a very  hard  granite  called  Corune. 

Thefe  grindflones  cut  very  faft.  When  they 
want  to  increafe  their  power  they  throw  fand 
upon  them,  or  let  them  occafionally  touch  the 
edge  of  a vitrified  brick.  The  fame  compolition 
is  formed  upon  flicks,  for  cutting  flones,  fhells, 
&c.  by  the  hand. 

Take  one  gallon  of  the  red  liquid  from  the  firfl 
wafliing  for  Shell  Lac,  {train  it  through  a cloth, 
and  let  it  boil  for  a fhort  time,  then  add  half  an 
ounce  of  foap  earth  (foffil  alkali)  ; boil  an  hour 
more,  and  add  three  ounces  of  powdered  load 
(bark  of  a tree)  ; boil  a fhort  time,  let  it  Hand 
all  night,  and  ftrain  next  day.  Evaporate  three 
quarts  of  milk,  without  cream,  to  two  quarts, 
upon  a flow  fire,  curdle  it  with  four  milk,  and 
let  it  Hand  for  a day  or  two ; then  mix  it  with 
the  red  liquid  above  mentioned ; ftrain  them 
through  a cloth,  add  to  the  mixture  one  ounce 
and  an  half  of  allum,  and  the  juice  of  eight  or 
ten  lemons  : mix  the  whole,  and  throw  it  into  a 
cloth-bag  ftraiiier.  The  blood  of  the  infedt  forms 
a coagulum  with  the  cafeous  part  of  the  milk, 
and  remains  in  the  bag,  while  a limpid  acid 

• water 
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water  drains  from  it.  The  coagulum  is  dried  in 
the  fhade,  and  is  ufed  as  a red  colour  in  painting 
and  colouring. 

Dying.  Take  one  gallon  of  the  reel  liquid  prepared  as 

before  without  milk,  to  which  add  three  ounces  of 
allurru  Boil  three  or  four  ounces  of  tamarinds 
in  a gallon  or  water,  and  ft  rain  the  liquor.  Mix 
equal  pa.rts  of  the  red  liquid  and  tamarind  water 
over  a brifk  fire.  In  this  mixture  dip  and  wring 
the  filk  alternately  until  it  has  received  a proper 
quantity  of  the  dye.  To  increafe  the  colour,  in- 
creafe  the  proportion  of  the  red  liquid,  and  let 
the  filk  boil  a few  minutes  in  the  mixture.  To 
make  the  filk*  hold  the  colour,  they  boil  a handful 
of  the  bark  called  Loadan  water,  ftrain  the  de- 
codion,  and  add  cold  water  to  it ; dip  the  dried 
filk  into  this  liquor  feveral  times,,  and  then  dry 
it.  Cotton  cloths  are  dyed  in  this  manner ; but 
the  dye  is  not  fo  lafting  as  in  filk. 

Spanifh  wool.  The  Lac  colour  is  preferved  by  the  natives 
upon  flakes  of  cotton  dipped  repeatedly  into  at 
ftrong  folution  of  the  Lac  Xnfed  in  water,  and 
then  dried. 

Ufe  to  the  Europeans.  See  European  authors. 
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Mr . kerr's  Hifidry  of  the  InfeB \ See . 
Explanation  of  the  figures. 


a The  Coccus  Dacca  at  its  birth,  1 r 

..  natural  fize. 

b Ditto,  big  with  young,  J 

y The  embrio  before  birth  inclofed  in  its  membrane,^ 
I The  Coccus,  with  two  hairs  from  each  antenna, 
s Ditto,  with  three  hairs'  from  each  antenna, 
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XXV.  Account  of  a Phenomenon  obferyed  upon  the  Ijlarid  of 
' Sumatra.  By  William  Marfden,  Efq. ; communicated  by  Sir 
Jpfeph  Banks,  P. 
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CaroHne-ftri  e% 
Feb.  24,  1701, 


URING  my  refidence  on  the  ifland  of  Sumatra  in  the 


Eaft  Indies,  I had  occafion  to  obfcrve  a phenomenon  fin- 
gular,  I believe,  in  its  kind,  an  account  of  which  may  not  per- 
haps be  uninterefting  to  the  curious. 

In  the  year  1775  the  S.E.  or  dry  monfoon,  fet  in  about  the 
middle  of  June,  and  continued  with  very  little  intermiflion  till 
the  month  of  .March  in  the  following  year.  So  long  and 
fevere  a drought  had  not  been  experienced  then  in  the  memory 
the  oldeft  man.  The  verdure  of  the  ground  was  burnt  up,  the 
trees  were  ftripped  of  their  leaves,  the  fprings  of  water  failed, 
and  the  earth  every  where  : gaped  in  fi fibres.  -For  dome  time  a 
copious  dew  falling  in  the  night  fupplied  the  deficiency  of  rain  ; 
but  this  did  not  laffc  long : yet  a thick  fog,  which  rendered  the 
neighbouring  hills  invifible  for  months  together,  and  nearly 
obfcured  the  fun,  never  ceafed  to  hang  over  the  land,  and  add 
a gloom  to  the  profpedl  already  but  too  melancholy.  The 
Europeans  on  the  coaft  fuffered  extremely  by  ficknefs  ; about  a 
fourth  part  of  the  whole  number  being  carried  off  by  fevers 
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and  other  bilious  diflempers,  the  depreffion  of  fpirits  which 
they  laboured  under  not  a little  contributing  to  haften  the  fatal 
effects.  The  natives  alfo  died  in  great  numbers. 

In  the  month  of  November  1775,  the  dry  feafon  having 
then  exceeded  its  ufual  period,  and  the  S.E.  winds  continuing 
with  unremitting  violence,  the  fea  was  obferved  to  be  covered, 
to  the  diftance  of  a mile,,  and  in  fome  places  a league  from 
fhore,  with  fijh  floating  on  the  furface.  Great  quantities  of 
them  were  at  the  fame  time  driven  on  the  beach  or  left  there 
by  the  tide,  fome  quite  alive,  others  dying,  but  the  greateft  part 
quite  dead.  The  fifh  thus  found  were  not  of  one  but  various  fpe- 
cies,  both  large  and  fmall,  fiat  and  round,  the  Cat-fifh  and  Mullet 
being  generally  the  moft  prevalent.  The  numbers  were  prodigi- 
ous, and  overfpread  the  fhore  to  the  extent  of  fome  degrees  ; of 
this  I had  ocular  proof  or  certain  information,  and  probably  they 
extended  a confiderable  way  farther  than  I had  opportunity  of 
making  enquiry.  Their  firft  appearance  was  fudden ; but 
though  the  numbers  diminifhed,  they  continued  to  be  thrown 
up,  in  fome  parts  of  the  coaft,  for  at  leaf!  a month,  furnifhing 
the  inhabitants  with  food,  which,  though  attended  with  no 
immediate  ill  confequence,  probably  contributed  to  the  un- 
healthinefs  fo  feverely  felt..  No  alteration  in  the  weather  had 
been  remarked  for  many  days  previous  to  their  appearance. 
The  thermometer  flood  as  ufual  at  the  time,  of  year  at  about 

85°*  . 

Various  were  the  conje£lures  formed  as  to  the  caufe  of  this 
extraordinary  phenomenon,  and  almoft  as  various  and  contra- 
dictory were  the  confequences  deduced  by  the  natives  from  an 
omen  fo  portentous;  fome  inferring  the  continuance,  and 
others,  with  equal  plaufibility,  a relief  from  the  drought; 
With  refpeCt  to  the  caufe,  I mult confefs  myfelf  much  at  a 
7 lofs 
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fofs  to  account  for  it  fatisfa&orily.  If  I might  hazard  a con- 
jefture,  and  it  is  not  offered  as  any  thing  more,  I would  fup- 
pofe,  that  the  fea  requires  the  mixture  of  a due  proportion  of 
frefh  water  to  temper  its  faline  quality,  and  enable  certain  fpe* 
cies  of  fifli  to  fubfift  in  it.  Of  this  falubrious  correction  it  was 
deprived  for  an  unufual  fpace  of  time,  not  only  by  the  want  of 
rain,  but  by  the  ceafing  of  many  rivers  to  flow  into  it,  whofe 
fources  were  dried  up.  I rode  acrofs  the  mouths  of  feveral  per- 
fectly dry,  which  I had  often  before  paffed  in  boats.  The  fifh 
no  longer  experiencing  this  refrefhment,  neceffary  as  it  would 
feem  to  their  exiftence,  . fickened.  and  perifhed  as  in  a corrupted 
element. 

If,  any  thing  fimilar  to  what  I have  above  dcfcribed  has  been 
noticed  in  other  parts  of  the  world,  I fhould  be  happy  by  a 
comparifon  of  the  attendant  circumftances,  to  inveftigate  and 
afcertain  the  true  caufes  of  fo  extraordinary  an  effedt.  In  com^ 
municating  to  you  the  obfervations  I have  made,  I purfue  the" 
mofl  likely  means  of.  obtaining  this  fatisfadlion. 

I have  the  honour  to  be,  &c. 
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TIXVI.  Farther  Experiments'  on  Cold , Made  at  the  Macfarlane 
Qbfervato'ry  'belonging  to  Glafgow  College.  In  a Letter  from 
Patrick  Wilfon,  M.  A to  the  Rev.LityW  Mafkelyrie,  D.  D. 
F»  R.  S,  and  Ajlronomer  Royal 
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DEAR  S/I  R,  Giargow  College, 

Feb  9,  *761. 

SOME  days  of  very  cold  weather,  which  we  had  lately  in 
this  country,  having  afforded  an  opportunity  of  profecuting 
a little  farther  the  experiments  and  obfervations  begun  in  the 
courfe  of  laft  year,  I now  do  my.felf  the  plea  fu  re  of  communi- 
cating to  you  the  following  particulars,  which  perhaps  may  be 
, confidered  as  not  unworthy  of  notice. 

Thefroft  fet  in  on  Sunday  the  21ft  of  January,  after  a con- 
fiderable  fall  of  fnowon  the  preceding  evening,  and  about  mid- 
night the  thermometers  were  expofed  near  to  the  Obfervatory 
in  the.  rituations  mentioned- in  my  former  letter.  The  follow- 
ing regifter  fhews  the  difference  of  temperature  between  the 
fnow  and  the  air,  till  eight  o’clock  on  Monday  morning,  to 
which  are  fubjoined  fome  fa&s  which  prove  very  confonant  to 
thofe  deferibed  in  the  former  paper. 

The  fign  - prefixed  denotes  degrees  below  o.  The  fign  -f 
degrees  above  o of  Fahrenheit’s  thermometer. 

Monday 
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From  one  . o’clock  till  three  in  the  morning  the  thermometer 
in  air  at  the  baluftrade  of  the  eaft  wing  of  the  Obfervatory 
pointed  from  -f  4 to  4-6,*  and  on- therfiiow  therfe  from  --h  to 
o.  At  half  an  hour  after  one  the  theniTottietef  ihmfr,  twenty- 
four  feet  from  the  ground,  and  to  the  wih'dWard  of  the  houfe, 
pointed  to  4-  7,  and  at  eight  o’clock  to  + I.  At  three  o’clock 
the  fnow  in  the  park,  three  inches  below  the  fur  face,  raifed  the 
thermometer  to  4-  14,  and  at  fix  inches  below,  near  the  ground, 
to  4-  24.  The  barometer  flood  at  29.8  inches,  and  there  was  a 
perceptible  motion  of  the  air  from  the  eaft  and  one  point  fouth. 
This  night  was  a very  general  and  lively  aurora  borealis,  moft 

part 
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part  of  it  of  a bright  red,  which  formed  a crown  near  to  the  ze- 
nith ; but  it  moftly  vanifhed  about  three  o’clock,  after  which 
time  the  air  became  more  fUll.  During  the  whole  of  this  night, 
as  well  as  of  the  fucceeding  times  of  obfemng,  the  air  was  not 
nearly  fo  much  difpofed  to  give  out  hoar-froft  as  it  was  laft  year. 

On  Monday  evening  the  difference  of  temperature  was  found 
to  be  as  in  the  following  regifter. 

Monday  evening, 

li.  m. 

830  - — — - 

9 3°  — — — — 

30  30  — •— 

1 1 Ball  of  therm.  f an  inch  above  the  fur  face  of  the  fno' 
is  Ditto,  — — — 

Tuefday  morning. 

2 Ball  of  therm,  as  formerly  half  immerfed  in  the  fnow, 

No  aurora  this  evening  ; the  air  very  ftill  and  ferene  till 
about  two  o’clock  Tuefday  morning,  when  the  wind  role  re- 
markably, and  clouds  formed  in  the  north-eaft. 
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On  Thurfday,  January  25,  the  difference  of  temperature 
was  found  to  be  as  here  fet  down. 


Thurfday  morning. 

h.  m. 

Thermometer 
in  air. 

Thermometer 
in  fnow. 
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From  ten  till  eleven  o’clock  this  forenoon  the  thermometer 
on  the  baluftrade  in  air,  fix  inches  above  the  fnow,  pointed  to 
+ 14,  and  when  tried  upon  the  fnow  to  +10.  About  noon 
this  day  fome  clouds  were  formed,  which  became  quite  general 
by  one  o’clock. 

During  the  two  laft  times  of  obferving,  three  experiments 
were  made  with  a view  of  difeovering  whether  the  fnow  with- 
out doors  was  gaining  any  thing  from  the  air ; or  if  any  of  it 
was  carried  off  in  the  way  of  evaporation  ? For  this  purpofe, 
a fliallow  di£h,  made  of  fheet  brafs,  four  inches  in  diameter, 
was  exactly  filled  with  fnow,  and  carefully  weighed.  In  order 
to  defend  the  outfide  of  the  difli  from  the  air,  that  no  hoar- 
froft  might  attach  itfelf  to  the  metal,  a circular  hole  was  cut 
in  the  lid  of  a pafte-board  box,  fo  wide  as  juft  to  let  in  the  difli 
Vol,  LXXI.  F f £ to 
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to  the  very  brim,  fo  that  nothing  communicated  with  the  ex- 
ternal air  but  the  fnow  itfelf-  The  apparatus,  in  this  ftate,  waa 
let  without  doors  for  three  hours  each  time,  and  then  brought 
in  to  the  lobby  of  the  Qbfervatory,  where  the  difti  was  again 
weighed  : but  in  none  of  thefe  trials  did  it  ever  appear,  that 
any  weight  was  loft.  On  the  contrary,  at  the  firft  weighing, 
which  was  on  Monday  night,  twelve  o’clock,  it  had  gained 
five  grains.  In  the  other  two  trials  the  increafe  of  weight  was 
fcarce  perceivable. 

The  temperature  of  the  air  in  the  weft  room  of  the  Obferva- 
tory  remaining  very  conftantly  for  near  two  days  at  +27°,  a 
' difti  of  fnow,  fimilar  to  the  other  expofed  there,  was  found  to 
lofe  weight  very  feniibly,  and  for  the  moft  part  at  the  rate  of 
two  grains  in  an  hour.  Notwithftanding  this,  the  fnow 
thus  wafting  or  evaporating  had  no  power  of  finking  the  ther- 
mometer below  +27,  the  temperature  of  the  furrounding  air; 
though  at  one  time  it  was  fanned  for  four  minutes  by  a piece  of 
paper  fattened  to  the  end  of  a long  ftick.  Not  to  difturb  the 
> uniform  temperature  of  this  room  during  thefe  experiments, 
care  was  taken  to  ftay  in  it  a very  fhort  time  at  every  vifit,  and 
to  keep  the  door  and  the  window- fhutters  clofe. 

On  Chriftmas-day  we  had  a froft,  which  in  the  morning 
made  the  thermometer  in  air  point  to  +21  ; and  during  the 
preceding  night  there  had  been  a profufe  depofition  of  hoar- 
froft.  A pound  of  this  was  collected,  and  its  capacity  for 
^ heat  compared  to  that  of  ice,  and  found  equal  a.s  nearly  as 
could  be  judged.  Before  making  the  two  mixtures  neceffary 
for  this  experiment,  the  ice  was  reduced  to  a powder,  and 
fpread  out  on  a paper  befide  the  hoar-froft  till  both  had  acquired  ; 
the  fame  temperature*. 


On 


Experiments  on  Co! el,  ^91 

On  Monday  night,  January  22,  about  twelve  o’clock,  hav 
lng  occalion  to  take  up  a little  fnow,  there  was  obferveda  cone- 
Hon  among  its  parts  rather  greater  than  what  might  have  been 
expected  in  a fubftance,  at  that  time,  fo  much  frozen*  This 
circumftance  was  farther  examined  by  the  following  experi- 
ment. A pane  of  glafs  was  laid  on  the  fur  face,  of  the  fnow 
till  it  had  acquired  the  temperature  of  4-3,  after  which,  with 
a bit  of  parchment  equally  cold,  fome  fnow  was  fc raped  from 
the  very  lurface,  and  fliaken  all  over  the  pane,  fo  as  to  cover  it 
in  mod  parts  lightly.  Upon  now  lifting  the  pane,  and  holding 
it  with  the  fnow  undermoft,  the  whole  of  it  adhered,  and  it 
required  fome  fmart  raps  before  the  greater  part  fell  away* 
What  remained  cleaved  to  the  glafs  with  Hill  a greater  adhefion. 

The  experiments  related  above  afford  further  reafons  againft 
the  opinion  of  the  difference  of  temperature  betwixt  the  fnow 
or  hoar-froft  and  the  air  depending  upon  evaporation.  It  would 
moreover  appear,  that  this  phenomenon  depends  not  either  upon 
the  depofition  of  hoar-froft.  What  renders  this  the  more 
probable  is,  that  on  laft  year  there  was  a much  more  copious 
depofition  at  times  when  the  difference  of  temperature  was  not 
more  remarkable.  But  allowing  that  a depofition  had  been 
found  a neceflary  circumftance,  and  always  in  proportion 
to  that  difference,  the  experiments  on  the  capacities  of  hoar- 
froft  and  ice  feem  to  fhew,  that  the  fenfible  heat  which  difap- 
pears  enters  not  into  the  compofition  of  the  hoar-froft ; other- 
wife  the  capacity  of  this  fubftance  for  heat,  compared  to  that 
of  ice  or  common  fnow,  fhould  be  very  different.  It  muft  be 
confeffed,  however,  that  the  above  mentioned  experiment  would 
have  been  more  applicable  to  this  reafoning,  had  it  been  made 
with  hoar-froft  given  out  in  colder  ftates  of  the  air. 

■F  f f a If 
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If  the  air,  at  low  temperatures,  had  any  pbwer  of  a&ing 
upon  the  fnow  or  hoar-froft,  fo  as  to  produce  a gradual  melt- 
ing, this  circumftance,  according  to  the  known  laws  of  heat, 
might  occafion  the  difference  of  temperature  under  con fi de- 
ration. And  what  renders  this  idea  not  altogether  improbable, 
is  the  peculiar  cohefion  among  the  parts  of  the  fnow  above  de- 
fcribed.  Perhaps  a gentle  melting  might  take  place  without 
much  altering  the  appearance  of  the  fnow  or  hoar-froft  at  the 
fur  face,  as  the  parts,  when  diflolved,  might  be  gradually 
fucked  downwards,  and  be  afterwards  diftributed  through  the 
whole  drier  mafs.  It  may  alfo  be  worthy  of  an  experimental 
inquiry  to  determine,  how  far  that  fort  of  concretion,  ob- 
fervable  all  over  the  furface  of  fnow  which  has  been  long  fro- 
zen, bears  any  marks  of  a flow  procefs  of  this  kind.  From  a 
hill,  a little  way  to  the  N.E.  of  the  town,  and  which  was  to 
windward  during  the  froft,  there  were  gathered  two  portions  of 
fnow,  the  one  from  the  furface,  and  the  other  feven  inches 
below  it.  The  water  produced  from  the  two  kinds  is  preferved 
in  very  clean  phials,  in  order  to  be  compared  together  by  fome 
> chemical  trials,  which,  perhaps,  may  throw  fome  light  upon 
the  whole  of  this  matter. 

At  prefent  I fhall  conclude  this  letter,  perhaps  already  much 
too  long,  with  juft  mentioning  one  other  faft  which  was  new 
to  me  ; namely,  the  power  of  ardent  fpirits  of  diflolving  fnow, 
and  confequently  of  producing  with  it  a freezing  mixture. 
The  alcohol  and  fnow  feparately  were  at  eight  degrees  below  the 
freezing  point,  and  vchen  mixed  fuddenly  and  intimately,  the 
temperature  became  in  the  fpace  of  twenty  feconds  28°  below 
o.  This  is  a cold  only  120  fhort  of  that  which  Fahrenheit 
f^rft  produced  by  ufing  fpirit  of  nitre  for  the  experiment ; and 

it 
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it  is  not  improbable,  had  the  prefent  experiment  been  tried 
with  more  precaution  and  addrels,  that  the  refuit  would  have 
been  {till  more  remarkable. , There  was  employed  only  about  a 
pint  of  alcohol,  but  the  proportion  of  fnow  was  not  then 
attended  to,  and  the  thaw  coming  foon  afterwards  prevented 
a repetition  of  the  experiment. 

I am,  &c.  ' 


P O S T S C R I P t; 

I beg  leave  to  add,  that  the  water  mentioned  as  produced 
from  the  fuperficial  fnow  has  been  examined  by  feveral  chy- 
mical  trials,  with  a view  of  difcovering  if  it  differed  in  any 
refpefl  from  the  water  obtained  from  {now  gathered  at 
confiderable  depths,  and  near  the  ground.  Had  the 

atmofphere,  when  the  thermometers  pointed  fo  low,  been 
difpofed  to  furnifh  any  faline  principle,  the  union  of  fuch  an 
ingredient  with  the  fnow  would  have  tended  to  produce  an 
excefs-of  cold  at  the  furface,  fimilar  to  what  was  then  ob- 
ferved.  Or  if  the  fnow  at  thefe  low  temperatures  had  acquired 
any  remarkable  power  of  dephlogifticating  the  air  in  contadt 
with  it,  a cooling  procefs  at  and  near  the  confines  of  the  fnow 
and  air  might  thereby  have  been  maintained.  In  either  of 
thefe  cafes,  fome  very  fenfible  Indications  of  a faline  or  of  a * 
phlogiftic  principle  might  be  expected  on  the  water  given  by 
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the  fnow  colledted  from  the  furface.  But  in  oppofition  to  both 
' thefe  views  it  remains  now  to  be  mentioned,  that  nothing  of 
this  kind  did  appear  in  the  courfe  of  the  experiments,  which 
Indeed  were  contrived  chiefly  to  detect  fuch  circumftances. 

If  therefore  the  arguments  produced  in  both  papers  upon 
this  fubjedt  will  not  allow  us  to  account  for  fo  remarkable  a 
cooling  procefs  by  an  evaporation  at  the  furface  of  the  fnow, 
it  would  appear,  that  there  remains  ftill  fomething  unknown 
with  refpect  to  the  caufe.  A proper  inveftigation  of  this  mat- 
ter, in  climates  favourable  to  fuch  experiments,  may  poffibly 
unfold  fome  farther  properties  of  heat  with  which  at  prefent 
we  may  be  wholly  unacquainted* 
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XXVII.  A general  Theory  for  the  Menfuration  of  the  Angle  fob- - 
tended  by  Two  Objects,  of  which  One  is  obferved  by  Rays  after 
Two  Reflections  from  plane  Surfaces , and  the  other  by  Rays 
coming  directly  to  the  Spectator's  Eye . By  George  Atwood*, 

M,A.  F.  Ro  .So 


Read  June  2i?  1 781* 


HE  adtual  determination  of  an  angle  implies  two  obfer- 
1 vations,  one  taken  at  each  extremity  of  the  arc  by 
which  that  angle  is  meafured.  When  fixed  aftronomical  qua- 
drants or  other  fedtors  are  ufed  for  the  practical  eftimation  of 
angles,  one  of  thefe  obfervations  is  previoufly  made  by  diredt- 
ing  the  axis  of  the  telefcope  or  line  of  collimation  to  fome  fixed 
point  in  the  heavens,  the  index  being  then  coincident  with  the 
initial  point  on  the  arc  of  the  fedtor  : after  this  adjufiiment 
one  obfervation  only  is  jaeceffary  to  afcertain  the  angular. 

diftance 
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diftance  between  that  point  and  any  other  celeftial  objeCt  in  the 
plane  of  the  feCtor,  This  method,  however,  is  evidently 
imprafficable,  unlefs  the  inftrument  can  be  fteadily  fixed ; for 
which  reafon  aftronomical  quadrants  become  ufelefs  at  fea  ; and 
from  the  difficulties  which  attend  placing  them  in  their  due  pofi- 
tion  and  adjuftment  on  firm  ground,  they  are  almoft  wholly 
confined  to  regular  obfervatories. 

Mr.  hadley*,  by  an  ingenious  application  of  optical  prin- 
ciples, contrived  to  bring  both  extremities  of  the  arc  meafured 
into  the  field  of  the  fpeaators’s  view  at  the  fame  time ; by 
which  improvement,  angles  are  taken  at  fea,  as  well  as  on  land 
with  an  unfixed  inftrument,  to  a degree  of  accuracy  fufficient 
for  nautical  and  other  purpofes,  when  the  utmoft  exaCtnefs  is 
not  required. 

Mr.  hadley’s  invention  is  a particular  cafe  of  a very 
extenfive  theory,  as  yet  but  little  attended  to.  According  to 
his  method,  which  is  well  known,  the  two  reflecting  furfaces 
ufed  in  the  obfervation  are  perpendicular  to  the  plane  of  mo- 
tion; the  direction  of  the  telefcope,  and  of  the  rays  paffing 
between  the  reflectors  being  parallel  to  that  plane  ; whereas  the 
inclination  of  the  telefcope,  and  of  the  intermediate  rays,  as 
well  as  of  the  reflectors  themfelves  to  the  plane  of  motion, 
admits  of  unlimited  variety.  A general  theory  to  determine 
the  angle  obferved  by  two  reflections  from  the  data  on  which 
its  magnitude  depends,  without  limitation  or  reftriCtion,  feems 
applicable  to  feveral  ufeful  purpofes  in  practical  aft ronomy.  Hav- 
ing never  feen  any  geometrical  cbnft  ruCtion  or  analyfis  of  this 
curious  problem,  I was  induced  to  beftow  fome  confideration 


* Phil.  Tranf.  N°  420.  See  alfo  a trad,  intituled,  The  Theory  of  hadley’s 
^U&drant,  by  the  rev.  w.  ludlam. 
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on  the  fubjeCt,  and  fhall  be  happy  if  the  refult  of  my  in- 
quiries appears  to  merit  the  attention  of  the  Royal  Society. 

Art.  1.  The  manner  of  taking  an  obfervation  by  two  re- 
flections unconfined  to  any  particular  cafe  may  be  defcribed 
thus.  Let  C,  B (fig.  1.)  reprefent  two  plane  reflecting  furfaces, 
inclined  to  a plane  OPA  at  any  given  angle.  Through  any 
point  of  the  reflecting  furface  C draw  a line  perpendicular  to 
the  plane  OPA,  and  with  the  point  where  the  line  meets  the 
plane  as  a centre  (which  mull  here  be  reprefented  by  C)  and 
any  diftance  CP,  defcribe  a circle  OPA.  The  reflecting  plane  B 
always  continuing  fixed,  let  the  refleCtor  C be  moveable  along 
with  the  radius  CP  as  it  revolves  in  the  plane  OPA  round  the 
centre  C : the  angular  motion  of  the  fpeculum  C,  referred 
to  the  circumference  OPA,  will  be  meafured  by  the  arc  which 
the  radius  CP  defcribes,  the  inclination  of  the  plane  C to  the 
plane  of  motion  OPA  being  always  the  fame,  and  equal  to  that 
of  the  fixed  fpeculum  B. 

, 2.  The  two  plane  refleCtors,  B and  C,  being  equally  in- 
clined to  the  plane  OPA,  it  follows,  that  during  the  motion  of 
C there  muft  be  feme  point  O in  the  circumference  OAP,  at 
which  when  CP  arrives,  the  refleCtor  C will  be  parallel  to  the 
fixed  refleCtor  B. 

3.  When  the  moveable  radius  which  carries  round  the  plane 
C is  at  any  other  pofition  CP,  let  a ray  flowing  from  a diftant 
objeCt  T impinge  on  the  fpeculum  C ; let  it  be  reflected  from 
thence  in  the  direction  CB,  and  being  again  reflected  at  B in  the 
direction  BG,  let  it  be  obferved  by  a fpeCtator’s  eye  at  G ; the 
image  of  T will  appear  fomewhere  in  the  line  GBS;  fuppofe 
that  a ray  flows  from  a diftant  objeCt  S fituated  in  the  line  GB 
produced,  and  that  this  ray  SG  comes  direCtly  to  the  fpectator’s 
Vol,  LXXI.  G g g eye 
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eye  at  G : the  objeCt  S feen  by  direct  rays,  and  the  image  of 
the  point  T feen  by  rays  after  two  reflections,  will  appear  to 
coincide  in  the  line  GBS.  This  is  an  obfervation  by  two 
reflections,  from  which,  together  with  fuch  data  as  limit  the 
problem,  the  true  angle  fu  blended  by  the  objects  T and  S is  to 
be  inferred* 

4#  The  data  which  limit  this  problem,  being  neceffary  fot 


the  determination  of  the  angle  fubtended  by  T and  S are  in 
number  four,  which  are  next  to  beconfidered.  ift.  One  of  thefe 
data  is  the  arc  PO,  being  the  angular  diftance  of  the  moveable 
radius  CP,  meafured  on  the  circumference  of  the  circle  OPA* 
from  that  petition  CO,  at  which  the  two  refleCtors  are  parallel ; 
the  fituation  of  this  arc  OP  in  refpeCt  of  the  point  O being 
fuppofed  known,  that  is,  it  being  known  on  which  fide  of  that 
point,  OP  is  fituated  in  refpeCt  of  the  ray  BG.  2dly,  The  com- 
mon inclination  of  the  reflecting  planes  B and  C to  the  plane  of 
motion  is  another  of  thefe  data.  The  third  and  fourth  of 
the  conditions  muft  be  mentioned  rather  more  particularly* 
The  ray  BG  is  always  underftood  to  be  given  in  pofition  in 
refpeCt  of  the  plane  of  motion  OP  A (confidered  as  immoveable) 
being  either  coincident  with  the  line  of  collimation  of  a tele- 
fcope,  or  direfted  by  fights  fo  as  to  be  invariably  fixed  : the  fpe- 
culum  B alfo  being  unmoved,  the  line  or  ray  BC  will  never 
change  its  pofition,  from  the  known  principles  of  reflection. 
The  angle  CBG,  therefore,  and  the  half  of  that  angle 
being  the  angle  of  incidence  at  which  CB  impinges  on  B, 
will  be  always  of  the  fame  magnitude  ; whereas  the  half  of 
the  angle  BCT,  or  the  angle  of  incidence  on  the  moveable 
fpeculum  C,  is  continually  changing,  while  C is  carried 
round  in  the  plane  of  motion  : this  conftant  angle  of  in- 
cidence or  reflection  at  the  fixed  fpeculum  B will  be 
another  of  the  data  neceffary  to  determine  the  problem. 


The 


of  the  Angle  fubtended  by  Two  Obje£fst  See.  3^9 
The  rays  GB,  BC,  and  the  fpeculum  B,  being  fixed  in  refpc£t 
of  each  other,  and  of  the  plane  GAP,  the  plane  CBG  will 
alfo  be  given  in  pofition  ; that  is,  its  inclination  to  the  plane  of 
motion,  or  to  any  other  fixed  plane,  will  conftantly  be  the 
fame : whereas  the  inclination  of  the  plane  BCT  to  the  plane 
of  motion,  or  other  fixed  plane,  will  be  continually  changing 
while  the  reflector  C revolves  with  the  radius  CP.  The  pofition 
of  the  plane  GBC  conftitutes  the  fourth  and  laft  of  the  data* 
and  it  will  be  immaterial  to  what  fixed  plane  it  is  referred.  In 
the  enfuing  folutiort  the  fituation  of  this  plane  will  be  defined 
by  its  inclination  to  the  fixed  fecondary  of  the  plane  of  motion 
which  paffes  through  the  point  O. 

5.  The  enumeration  of  thefe  data  leads  to  the  conftruo 
tlon  of  the  problem,  a few  obfervations  being  previoufly 
inferted  to  prevent  repetitions  and  unneceffary  references.  iff:, 
The  obje&s  obferved  are  underftood  to  be  lucid  or  illumined 
points,  and  fo  diftant,  that  the  rays  which  flow  from  either  of 
them  may  be  efteemed  parallel  without  error  as  far  regards 
thefe  obfervations  : fuch  objects  are  the  fixed  ftars,  any  given 
points  in  the  dhks  of  the  fun  or  planets,  &c.  2dly,  As  in  mea- 
furing  the  angular  pofitions  of  objects  which  lie  in  the  fame 
plane,  thefe  objects  are  referred  to  the  circumference  of  a circle, 
the  centre  of  which  is  coincident  with  the  fpeftator’s  eye ; fo 
in  eftimating  the  pofitions  of  objects  which  lie  in  different  planes, 
and  of  the  inclinations  of  thefe  planes  to  each  other,  the  ob- 
je£ts,  &c*  are  referred  to  the  circumference  of  a fphere,  of 
which  the  centre  coincides  with  the  centre  of  the  fpe&ator’s 
view:  applying  this  to  the  prefent  cafe,  fince  the  lines 
CT,  CB,  SG  (fig.  1 .)  are  lituated  in  different  planes ; in  order 
to  eftimate  their  pofitions,  any  point  may  be  afl'umed  as 
the  centre  of  a fphere,  and  through  that  point  lines  are  to  be 
drawn  parallel  to  the  given  lines  CT,  CB,  SG,  the  points  in 
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which  the  lines  interfeCt  the  fpheres  furface  will  give  their  re- 
lative fituations  by  the  rules  of  trigonomety.  3dly,  There 
will  be  no  necefiity  to  reprefent  the  reflecting  planes  in  the 
general  conftruCtion,  fince  the  pofitions  of  the  perpendiculars 
to  the  planes  will  give  the  fituations  of  the  planes  themfelves. 

6.  To  determine  by  conftruCtion  the  angle  fubtended  by  the 
objects  T,  S,  from  the  data  which  have  been  defcribed,  let 
APOCQj(fig.  2.)  reprefent  a great  circle  of  the  fphere  to  the 
furface  of  which  the  objects  obferved,  and  the  pofitions  of  the- 
incident  and  reflected  rays,  &c.  are  referred ; C being  the  cen- 
ter, CK  the  axis,  and  K the  pole  of  this  great  circle;  through 
K draw  any  fecondary  KO,  and  from  the  pole  K,  at  the  diftance 
of  the  arc  KF,  = the  meafure  of  the  given  inclination  of  the  re- 
flecting planes  to  the  plane  of  motion,  defcribe  a parallel  or  lefier 
circleFIM : with  the  poleF,  and  at  a diftance  equal  to  a quadrant, 
defcribe  an  arc  of  a great  circle  interfering  the  fecondary  KO 
produced  in  the  point  X,  and  in  this  arc  from  X take  XY  = the 
meafure  of  the  given  inclination  of  the  fixed  plane  of  reflection  at 
the  fpeculumB  to  the  fecondary  which  paffes  through  the  point  O; 
and  draw  the  quadrant  YF,  which  produce  in  the  direction  YF : 
from,  F on  either  fide  of  F fet  offFD  equal  to  the  meafure  of  the 
given  conftant  angle  of  incidence  at  the  fpeculum  B,  and  make 
FB  (taken  on  that  fide  of  F which  is  oppofite  to  D)  equal  to  FD. 
Draw  the  radius  CO : from  O fet  off  an  arc  OP  in  the  circum- 
ference OPA  equal  to  the  meafure  of  the  angular  diftance  de- 
fcribed by  the  moveable  radius  CP  from  that  pofition  at  which 
the  reflectors  are  parallel ; obferving  that  the  arc  0P' be  on  that 
fide  of  the  point  O which*  correfponds  with  the  conditions  of  the 
problem  (art.  4,):  through  P defcribe  the  fecondary  KP  inter- 
acting the  parallel  FIM  in  the  point  I : through  B and  I defcribe 

* It  is  fuppofed  to  be  known,  whether  CP  beginning  its  motion  from  the  pofi- 
tion CO  approaches  towards  the  vifual  ray  BG  or  recedes  from  it. 


the 


of  the  Angle  fubtended  by  Two  Objects , &c.  401 

the  arc  of  a great  circle  RIE,  and  in  it  take  El  equal  to  IB: 
through  D and  E draw  the  arc  of  a great  circle  DE  : the  arc 
DE  will  be  the  mealure  of  the  true  angle  fubtended  by  the 
objects  obferved,  according  to  the  data  of  the  problem. 

Previous  to  the  demonftration  of  this  conftruCtion,  the  appli- 
cation of  it  to  the  method  of  obfervation  by  two  reflections 
fiiould  be  defcribed.  Join  CP,  Cl,  and  CF.  To  the  extremity  C 
of  the  radius  CP  let  a plane  fpeculum  be  affixed.  Cl  being 
always  perpendicular  to  this  plane  : as  PC  revolves  in  the  plane 
of  motion,  the  perpendicular  Cl  will  defcribe  the  parallel  or 
lefler  circle  FIM,  and  when  CP  coincides  with  CO,  Cl  will 
coincide  with  CF.  Through  B draw  BR  parallel  to  CF,  and' 
let  a plane  fpeculum  be  fixed  at  B perpendicular  to  BR;  CF 
and  BR  being  parallel  when  the  perpendicular  Cl  coincides 
with  CF,  the  reflectors  at  C and  B will  then  be  parallel. 

Join  CD,  and  produce  it  to  a very  diftant  point  Sr  and: 
through  R draw  GBS  parallel  to  CDS  \ the  refleCtors  C and  B 
being  parallel,  and  their  perpendiculars  coinciding  with  CF  and 
BR,  let  a ray  SC  impinge  on  the  refleCtor  C : becaufe  FC  is  the 
perpendicular  to  the  fpeculum  C and  the  arc  DF  — FB  by  con- 
ftruCtion, thefe  arcs  being  in  the  plane  of  the  fame  great  circle 
DBQ^,  it  follows,  that  the  ray  SC  will  be  reflected  from  C in 
the  direction  CB,  impinging  on  the  fpeculum  B at  the  angle  of 
incidence  CBR ; and  fince  DC  and  BG  are  parallel  by  eon- 
ftruCtion,  and  the  parallel  lines  FC  BR  fall  on  them,  the 
angles  RBG,  FCD,  will  be  equal,  and  FCB  or  CBR  = RBG. 
CB  therefore  being  the  ray  incident  on  the  fpeculum  B will  be 
reflected  in  the  direction  BG  parallel  to  SC ; and  a ray  SG  com- 
ing direCtly  from  S will  be  feen  coincident  with  the  reflected 
ray  BG.  Here  we  obferve,  that  the  planes  of  reflection  at  C 
and  B,  that  is,  the  planes  DCB  and  CBG  coincide,  the  re- 
flectors being  parallel. 
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Let  the  radius  CP  move  from  the  pofition  CO,  carrying  with 
it  the  fpeculum  C and  its  perpendicular  Cl:  then,  El  being 
equal  to  IB  by  conftruCtion,  a ray  impinging  on  C in  the  di- 
rection TEC  will  be  reflected  in  the  plane  ECB,  and  becaufe 
ECI  rr  ICB,  the  reflected  ray  will  coincide  with  the  line  CB, 
and  after  reflection  at  B will  m proceed  in  the  direction  BG, 
being  coincident  with  the  ray  SG  which  comes  direCtly  from  S. 
When  the  perpendicular  Cl  leaves  CF,  the  plane  of  reflection 
ICB  becomes  inclined  to  the  plane  of  reflection  DCBG  with 
which  it  before  coincided ; but  the  pofition  of  the  rays  CB, 
BG,  and  of  the  perpendicular  BR,  remains  unaltered  ; for 
which  reafon  the  plane  GBCFD  correfponds  to  the  fixed  plane 
of  reflection  defcribed  among  the  conditions  (art.  4.).  When 
Cl  was  coincident  with  CF,  the  radius  CP  was  coincident  with 
CO,  O being  the  initial  point  of  the  arc  OP,  defcribed  by  the 
radius  CP,  denoting  that  when  CP  coincides  with  O,  the  re- 
flectors being  then  parallel,  the  inclination  of  the  ray  SC  ob- 
served after  two  reflections,  and  SG  obferved  by  direCt  rays 
parallel  to  SC,  is  nothing : the  great  circle  KO,  therefore, 
which  pafles  through  O and  F,  will  be  the  fixed  or  primitive  fe- 
condary  to  which  the  inclination  of  the  fixed  plane  of  reflec- 
tion at  the  fpeculum  B is  referred. 

The  demonftration  of  the  conftruCtion  will  confift  of  two 
parts..  It  mult  be  firft  (hewn,  that  the  conditions  or  data  of 
the  problem  are  obferved  in  the  conftruCtion.  2dly,  That  the 
magnitude  of  the  arc  ED,  which  meafures  the  angle  fubtended 
by  the  obferved  objeCts  is  limited  or  determined  by  them. 

Suppofing  the  angle  TCS  to  be  of  any  unknown  quantity, 
it  has  appeared,  that  according  to  the  conftruCtion,  the  rays 
which  come  from  T,  and  are  feen  after  two  reflections  at  C and 
B,  will  be  obferved  to  coincide  with  the  rays  which  come 
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direCtly  from  S.  That  the  conditions  of  the  problem  are  ful- 
filled in  the  conflxuCtion  is  demonftrated  thus : 

lift.  The  inclination  of  the  reflectors  B and  C to  the  plane  of 
motion  wasconftructed  of  the  magnitude  which  ismeafured  by 
the  arc  KF.  KC  is  perpendicular  to  the  plane  of  motion.  CF 
is  perpendicular  to  the  refleCior  C,  and  the  inclination  of  thefe 
two  lines  CK,  CF,  is  meafured  by  the  arc  KF ; but  the  incli- 
nation of  any  two  planes  is  the  fame  as  the  inclination  of 
two  lines  which  are  perpendicular  to  them  -y  the  inclination 
therefore  of  the  refleCtor  C to  the  plane  of  motion  is  meafured 
by  the  arc  KF,  and  the  fpeculum  B is  equally  inclined  to  the 
plane  of  motion  with  C by  the  conftruCtion,  the  perpendiculars 
CF  and  Cl  being  parallel  when  both  are  fituated  in  the  plane  of 
the  fame  great  circle  DBQ. 

2dly,  KQ  being  the  fecondary  to  which  the  pofition  of  the 
fixed  plane  of  reflection  DFB  at  the  fpeculum  B was  referred, 
that  given  inclination  will  be  equal  to  the  angle  OFB*  which 
is  meafured  by  the  arc  XY  according  to  the  conflrucHon,  FY 
being  a quadrant* 

3dly,  Moreover,  FD  = FB,  was  conftruCted  equal  to  the  com- 
Rant  angle  of  incidence  at  the  fixed  fpeculum ; CBR  u the 
angle  of  incidence  at  the  fixed  fpeculum  B,  and  it  is  equal  to  the 
angle  BCF,  beeaufe  CF  and  BR  are  parallel  by  conftruCiion,  and 
CB  falls  on  them ; FB,  or  its  equal  FD  therefore  is  truly  con- 
ftruCled  the  meafure  of  the  given  conftant  angle  of  incidence  at 
the  fixed  fpeculum  B* 

4thly,  Beeaufe  it  has  been  fhewn  that  CO  is  the  pofition  of 
the  radius  CP*  when  the  refleClors  are  parallel,  the  arc  OP  is 
rightly  conftruCted  the  meafure  of  the  angular  diftance  of  the 
radius  CP  from  that  pofition.. 

It  remains  only  to  demonftrate  that  thefe  four  given  quanti- 
ties, KF,  OP,  XY,  and  DF,  limit  the  magnitude  of  the  arc 
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ED : through  I and  F draw  the  arc  IF : then  the  given  arc 
KF  or  KI,  and  the  angle  IKF,  measured  by  the  given  arc  PO, 
define  the  triangle  IKF,  and  in  it,  therefore,  the  fide  IF  and 
and  the  angle  IFK  arc  determined.  If  from  1FK,  the  given 
angle  DFK,  meafured  by  the  arc  XY,  be  fubtra&ed,  the  re- 
mainder IFD,  and  1FB  its  fupplement  to  iSo~  will  be  defined : 
the  given  arc  FB,  with  the  angle  1FB  and  the  arc  IF,  deter- 
mine the  angle  IBF,  and  the  arc  IB,  or  its  double  BE  : and  the 
given  arc  BD,  the  arc  BE,  with  the  contained  angle  DBE  before 
determined,  define  the  arc  ED,  which  is  therefore  the  true  mea- 
fure  of  the  angle  fubtended  by  the  objeftsobferved  under  the 
conditions  fulfilled  in  the  con  {fruition. 

7.  The  computation  of  the  obferved  angle  DCE  being  for 
the  prefent  omitted,  fome  confequences  which  follow  from  the 
conftruftion  may  be  inferted  in  this  place,  being  either  corol- 
laries, or  fuch  truths  as  admit  of  eafy  geometrical  dedudtion 
from  the  general  propofition.  The  line  DC  will  always  be  the 
pofition  of  the  vifual  ray  or  line  of  collimation  of  the  telefcope 
ufed  in  the  obfervation,  and  the  inclination  of  it  to  the  plane 
of  motion  will  be  meafured  by  the  complement  of  the  arc  DK 
to  a quadrant.  The  line  BC  will  be  the  pofition  of  the  ray 
which  pafles  between  the  refle&ors  B and  C,  and  the  inclina- 
tion of  it  to  the  plane  of  motion  will  be  meafured  by  the  com- 
plement of  the  arc  BK  to  a quadrant.  Thefe  arcs  are  left  out 
of  the  figure,  that  the  more  material  parts  of  the  conftru&ion 
might  not  be  confufed  by  them. 

8.  Every  thing  elfe  remaining,  let  the  parallel  FIM  (fig.  3.) 
be  projected  on  the  plane  of  motion  QOP.  Through  the 
points  F and  I draw  the  arc  of  a great  circle  NIFR.  The  ob- 
ferved * objects  T and  S,  or,  which  is  the  fame  thing,  the  points 
of  mterfeflion  at  the  fphere’s  furface  E and  D will  be  at  equal 

* Compare -fig.  2. 
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perpendicular  diftances  from  this  arc,  which  may  be  demon- 
ftrated  thus.  Through  the  points  E,  D,  and  B,  draw  the 
arcs  EN,  DL,  and  BR,  perpendicular  to  NIFR  : then  the  tri- 
angles DFL,  FBR,  being  equal,  DL  will  be  equal  to  BR  ; 
moreover,  the  triangles  ENI,  IRB,  being  equal,  the  arcs  EN, 
RB,  will  be  equal : from  whence  it  follows,  • that  EN  = DL,  or 
the  perpendicular  diftances  of  the  points  E and  D from  the  arc 
of  a great  circle  which  pafles  through  the  points  I and  F,  are 
equal.  It  appears  alfo,  from  the  fame  con  ftrufiion,  that  the 
arc  NL,  intercepted  between  the  two  perpendiculars  EN,  DL, 
is  equal  to  twice  IF : for  becaufe  the  triangles  EIN,  RIB,  are 
equal,  as  are  the  triangles  DLF,  RFB,  it  follows,  that  NI  is 
equal  to  IR,  and  LF  to  FR,  wherefore  2lR=r  NR,  and  2RF 
— LR  : whence,  by  fribtradting  equals  from  equals,  2KI  — 2RF 
= NR  — LR,  or  2IF  — NL,  which  was  the  equality  to  be  de- 
mon ftra ted. 

9.  From  this  laft  conftruction  and  demon# ration  the  follow* 
ing  proportion  is  inferred.  As  radius  : cofine  of  DL  or  EN, 
fo  is  the  fine  of  IF  to  the  fine  of  half  the  arc  ED,  or  of  half  the 
obferved  angle  : for  if  the  arcs  NE,  LD  (fig.  3.),  be  continued 
until  they  meet  in  the  pole  H,  the  arcs  NH,  LH,  will  be  qua- 
drants, and  the  triangle  EHD  ifofceles,  which,  from  a property  of 
Ipherics  too  obvious  to  need  demonftrating,  gives  this  propor- 
tion : as  the  chord  of  NL  to  the  chord  of  ED,  fo  is  radius 
to  the  fine  of  DH,  or  cofine  of  DL ; but  the  chord  of  NL  is 
equal  to  the  chord  of  2IF  from  art.  8.  We  have,  therefore* 
as  radius  : cofine  DL,  fo  is  the  chord  of  2FI  to  the  chord  of 
ED,  or,  which  is  the  fame  proportion,  as  radius  : cofine  DL* 
fo  is  the  fine  of  IF  to  the  fine  of  half  ED. 

I/O.  From  the  laft  article  it  appears,  that  the  fine  of  half 
the  angle  between  the  obferved  ebje<fts,  or  the  fine  of  half  ED* 
Vol,  LXXh  Hhh  is 
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is  proportional  to  the  fine  of  FI  and  the  cofine  of  DL  jointly ; 
confequentiy  the  fine  of  FI  being  the  fame,  fin.  { ED  is  propor- 
tional to  the  cofine  of  DL ; this  will  lead  to  the  reafon  why  in 
enumerating  (art.  4.)  the  * conditions  which  limit  the  magnitude 
of  the  obferved  arcED,the  pofitionof  the  fecondaryKP,  in  refpe£t 
of  the  point  of  interfeftion  Q^jmd  of  the  fixed  fecondary  KO, 
was  annexed  ; for  it  will  appear,  that  every  thing  elfe  being  th« 
fame*  the  magnitude  of  the  arc  ED  will  depend  on  the  pofition 
qf  the  fecondary  KP,  whether  it  be  011  one  fide  of  the  fixed  fe- 
condary KO,  or  on  the  other,  the  angles  PKO,^KO,  being  equal. 
Having  fet  off  0/=  0P  draw  the  fecondary  K p interfering 
the  parallel  FIMU  in  the  point  U ; and  through  B and  U draw 
the  arc  of  a great  circle  BUW  ; take  UW  = BU  ; and  through 
D and  W draw  the  arc  of  a great  circle  DW  : then  by  the 
conftrurion  and  demonftration  in  art.  6.  the  angle  fubtended 
by  the  obferved  objects  will  be  meafured  by  the  arc  DW*  and  it 
will  be  eafy  to  fhew,  that  DW  is  not  equal  to  DE,  except  in 
two  extreme  cafes  ; that  is,  when  the  fixed  plane  of  reflexion 
DFB  is  either  coincident  with  the  primitive  fecondary  KO  or 
perpendicular  to  it.  Through  the  points  F and  U draw  the 
arc  of  a great  circle  VFU*  and  from  D draw  the  arc  DV. 
perpendicular  to  VFU : fince  f the  fines  of  half  the  arcs 
DE,  f>W,  are  in  a proportion  compounded  of  the  proportions 
of  the  fine,  of  IF  to  the  fine  of  FU,  and  of  the  cofine  of  DL 
to  the  cofine  of  DV,  the  fines  of  IF,  FU,  being  equal  by  the, 
conflruclion,  the  fines  of  half  the  arcs  ED,  DW,  will  be  in  fhe 
fame  proportion  with  the  cofines  of  DL  and  DV,  which  are 
evidently  unequal  ; confequentiy,  the  fines  of  half  the  arcs 
DE,  DW,  and  therefore  the  arcs  themfelves*.  muft  be  unequal. 

i i.  The  angles  PKO,  OK^,  remaining  equal,  when  the 
fixed  plane  of  refleftion  BFD  (fig.  4.)  is  coincident  with  the 
* Compare  fig,  2.  f Supra, 
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fecondary  KO,  or  at  right  angles  to  it,  the  perpendiculars  DL* 
DV,  become  equal  in  both  cafes,  which  is  obvious  from  the 
equality  of  the  triangles  DVF,  DLF ; it  follows,  therefore* 
(art.  10.)  that  the  fines  of  FI  and  FU,  and  the  cofines  of  DL, 
DV,  being  equal,  the  arcs  DE,  DW,  will  be  equal  in  thefe  two 
extreme  cafes,  but  in  no  other.  -I  " 

1 2.  Since  the  angle  fubtended  by  the  obferved  objects'  (art. 
jo.)  depends  only  on  the  fine  of  IF  and  the  cofine  of  DL,  it 
is  plain,  that  if  the  points  D and  B be  interchanged,  (fig.  2, 3, 4.) 
the  angle  obferved  will  not  be  altered,  every  thing  elle  remaining 
the  fame  ; becaufe  neither  the  fine  of  IF,  nor  the  cofine  of  DL, 
is  affeCted  by  this  change.  For  this  reafon  in  any  conftruCtion  for 
meafuring  angles  by  two  reflections,  the  pofition  of  the  * vifual 
ray  may  be  altered  into  that  of  the  ray  BC  palling  between  the 
refleCtors,  which  will  become  in  that  cafe  the  fituation  of  the 
vifual  ray,  this  alteration  noways  affeCting  the  obferved  angles. 

13.  While  the  perpendicular  Cl  (fig.  2.  and  5.)  deferibes  the 
parallel  FIM,  the  angle  of  incidence  on  the  moveable  fpeculum 
C4  that  is,  the  angle  ECI  or  ICB,  meafured  by  the  arc  BI, 
continually  increafes  until  it  arrives  at  a certain  limit.  This 
limit  is  determined  by  drawing  through  the  points  B and  1C 
the  arc  of  a great  circle  BKM.  When  the  perpendicular  Cl 
arrives  at  M,  the  arc  BM  is  the  greateft  poflible,  which  wilt 
therefore  be  the  meafure  of  the  greateft  angle  of  incidence  on 
the  moveable  fpeculum,  according  to  this  conftruCtion,  the 
radius  CP  having  then  deferibed  from  O an  arc  which  is  the 
meafure  of  the  angle  FKM.  Now  it  is  plain,  that  if  the  arc 
MB  ftiould  be  greater  than  a quadrant,  there  can  be  no  vifion 
by  two  reflections,  when  the  perpendicular  Cl  coincides  with  M 
(fuppofing  the  moveable  fpeculum  to  reflect  on  one  fide  only) 
becaufe  the  angles  of  incidence  and  reflection  on  any  fpeculum 

* The  pofition  of  the  ray  DC  is  the  fame  with  that  <of  the  ray  BG  parallel  to 
it,  when  referred  to  diftant  objedts. 
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muft  bs  lefs  than  90°.  If  BM  be  lefs  than  a quadrant,  an 
obfer vation  by  two  reflections  may  be  taken  when  the  radius 
CP  is  directed  to  any  point  in  the  circumference  of  the  plane  of 
motion.  When  the  arc  BM  is  greater  than  a quadrant,  two 
other  limits  will  be  produced  in  the  circumference  of  the  plane 
OCP ; while  the  radius  CP  is  between  thefe  limits,  no  obfer- 
vation  by  tw~o  reflections  can  be  taken  : thefe  limits  are  con- 
ftruCted  thus  (fig,  6.).  BM  being  greater  than  a quadrant,  with 
the  pole  B and  diftance  BI  equal  to  a quadrant,  deferibe  the 
arc  of  a great  circle  I / interfering  the  parallel  FIM  in  the 
points  I and  /:  through  I and  / draw  the  fecondaries  KY,  KZ: 
while  the  radius  CP  is  between  Z,  and  Y no  obfervation  can  be 
taken  by  two  reflections.  If  BIE,  B/E,  be  drawn  equal  to  a 
femi-circle,  and  DE  joined,  then  DE  will  be  the  meafure  of 
the  limiting  angle  which  can  be  obferved  by  this  con  ft  ruction, 
either  on  one  fide  of  KO  or  on  the  other ; and  becaufe,  by  the 
principles  of  trigonometry,  the  arcsBD  andDE  are  in  the  fame 
great  circle,  BDE  being  a femi-circle,  we  fhall  derive  from  the 
conftruCtion  this  conclufion  : the  difference  between  i8o°and 
double  the  angle  of  incidence  on  the  fixed  fpeculum,  will  be  a 
limit  which  terminates  the  angle  obferved  by  two  reflections  in 
every  cafe,  when  the  arc  BM  is  greater  than  a quadrant 

14.  In  any  given  example  formed  on  the  principles  which 
have  been  demonftrated  (fig.  2.)  for  the  eftimation  of  angles 
by  two  reflections,  three  of  the  four  quantities  neceffary  to 
determine  the  refult  muft  conftantly  be  the  fame,  while  the 
fourth,  that  is,  the  arc  OP,  varies  with  the  magnitude  of  that 
angle  fbfe tended  by  the  objeCls  obferved  : the  different  magni- 
tudes of  thefe  three  given  quantities  will  caufe  a great  variety 
of  properties  in  conftruCtions  which  depend  on  the  general 

Thu's  termination  of  the  angle  which  can  be  obferved  by  two  reflexions  may 
happen  while  the  obferved  angle  is  increafing  or  decreafing  during  the  revolution 
of  the  index  in  the  plane  of  motioji, 
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theory.  If  the  angle  DFK  (fig".  2.),  being  the  inclination  of 
the  fixed  plane  of  reflexion  to  the  primitive  fecondary  be 
= 90°,  and  the  arc  KF,  or  the  inclination  of  the  refleCtors  to 
the  plane  of  motion,  be  = 90°  alfo,  the  conftruCtion  will  be- 
come that  of  hadley’s  inftrument  (fig.  7.),  whatever  be  the 
magnitude  of  the  arc  DF,  that  is,  of  the  angle  of  incidence  on  the 
fixed  fpeculum  B : in  this  cafe  the  points  F and  O,  and  the  points 
I and  P,  coincide.  Here  IF  or  PQ  meafiires  the  inclination  of 
the  refleftors  to  each  other ; and  becaufe  BF  = FD,  and  BI  = IE, 
by  conftruCtion,  it  follows,  that  DE  ~ 2PO,  that  is,  the  angle 
fubtended  by  the  obferved  objeCts  is  double  to  the  angle  at 
which  the  refleCtors  are  inclined  to  each  other.  This  is  a known 
property  of  hadley’s  inftrument,  in  which  the  vifual  ray,  and 
the  ray  intermediate  between  the  refleCtors,  are  in  the  plane  of 
motion,  which  is  alfo  expreffed  in  the  conftruCtion,  DC  and  BC 
coinciding  with  the  plane  POC. 

15.  BifeCt  KO  inF;  then  will  KF  — 450  (fig.  8.).  The 
vifual  ray  CD  being  coincident  with  the  plane  of  motion,  let 
the  inclination  of  the  refleCtors  to  that  plane  be  equal  to 
450:  moreover,  let  the  angle DFK  18 o° ; fo  fhall  D coin- 
cide with  O,  and  B with  K:  this  will  afford  a good  example 
to  the  general  theory.  JLet  the  radius  CP  move  into  any  given  • 
pofitioiv  carrying  with  it  the  fpeculum  C.  and  its  perpen- 
dicular Cl:  here  the  obferved  objeCt  E and  the  point  B are 
always  equi-diftant  from  I and  becaufe  BI  is  half  a quadrant 
by  conftruCtion,  it  follows,  that  IE  will  be  of  the  fame  mag- 
nitude, BE  therefore  will  be  a quadrant,  and  confequently  E 
will  coincide  with  P,  being  always  in  the  plane  of  motion. 
The  following  properties  are  alfo  derived  from  this  ConftruCtion. 

1 ft,  The  arc  DE  fubtended  by  the  obferved  objeCts  is  equal  to 
the  arc  deferibed  by  the  index  or  moveable  radius  CP  from  O ; 

* Compare  fig.  2, 
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differing  in  this  from  Mr.  hadley’s  conftruCtion,  in  which 
the  angle  obferved  is  equal  to  double  the  angle  defcribed  by  the 
moveable  radius  from  the  initial  point  of  the  arc  O.  While 
therefore  the  moveable  fpeculum  C is  carried  round  by  the  ra- 
dius CP  in  the  plane  of  motion  according  to  the  new  conftruc- 
tion  juft  defcribed,  the  image  of  Emoves  with  an  angular  velocity 
juft  equal  to  that  of  the  radius,  the  motion  of  the  image  being, 
according  to  Mr.  Hadley’s  invention,  always  greater  than  that 
of  the  radius  in  the  proportion  of  2 to  1.  adly,  The  angles 
of  incidence  and  reflection  on  both  furfaces  are  conftantly  the 
fame,  being  equal  to  450.  3dly,  BI  (art.  13.)  being  always 
lofs  than  90%  obfervations  by  two  reflections  may  be  taken  all 
round  the  circle,  that  is,  angles  of  any  magnitude  mav  be 
meafured  by  this  conftruCtion.  It  will  not  be  difficult  in  prac- 
tice to  regulate  the  inclination,  of  the  plane  refleCtors  to  the 
plane  of  motion,  with  the  other  given  quantities  to  their  true 
magnitude.  Let  the  refleCtors  B and  C be  brought  parallel 
when  the  index  or  radius  CP  is  dire&ed  to  O,  being  the  initial 
point  of  the  arc  OP : in  order  to  examine  whether  the  fixed 
plane' of  reflection  BFD  be  coincident  with  the  primitive  fecon- 
dary  KO,  it  is  only  neceflary  to  obferve  the  angle  fubtended  by 
two  given  objeCts  when  the  index  CP  is  on  the  different  fides  of 
the  initial  point  O : if  the  index  be  directed  to  unequal  diftances 
from  that  point  at  the  times  of  obfervation,  a correction  is  re- 
quired (art.  11.).  To  examine  whether  the  inclination  of  the 
refleCtors  to  the  plane  of  motion  be  exaCtly  45%  let  the  index 
CP  be  directed  to  t8o°  : if  the  inclination  of  the  refleCtors  to 
each  other  be  not  then  = 90°,  a correction  muft  be  applied.  It 
will  be  known  whether  the  inclination  of  the  refleCtors  to  each 
other  be  =90°,  by  obferving  the  two  oppofite  horizons  at  fea, 
and  at  land  by  various  obvious  methods.  Thefe  examinations 

are 
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are  wholly  independent  or  the  inclination  o(  the  telefcope  to  the 
plane  of  motion,  which  is  regulated  to  its  true  fituation  parallel 
to  the  plane  OP  A,  by  making  the  plane  OPA  fixed  in  regard  to 
diftant  objects,  and  by  observing  if  the  images  of  objects  E,  feen 
after  two  refledtions  of  the  rays,  defcribe  the  arc  of  a great  circle 
while  C is  carried  round  the  plane  of  motion.  Any  three  fixed  ob- 
jects, at  afufficient  diftance,  and  fituated  in  the  fame  plane  with 
the  obferver’s  eye,  will  be  fufficient  for  making  this  adjuftment. 

Fig.  9.  10.  and  11,  reprefent  the  progrefs  of  the  rays,  and 
the  pofition  of  the  refiedtors  according  to  this  conftrudliom  TC 
is  a ray  ifluing  from  any  object  T in  a direction  parallel  to  the 
plane  of  the  motion,  and  impinging  on  the  fpeculum  C,  which 
is  inclined  to  that  plane  at  an  angle  of  450 : from  hence  it  is 
reflected  in  the  diredtion  CB  perpendicular  to  the  plane  OCA, 
and  being  there  refledted  by  the  fpeculum  B proceeds  in  the  given 
or  conftant  diredtion  EG  parallel  to  the  plane  of  motion  OPA. 

16.  There  is  another  conftrudtion  which  follows  from  the 
general  theory,  the  defcription  of  which  fhould  not  be 
omitted.  This  will  require  fome  little  explanation.  As  be- 
fore (fig.  12.)  let  OPA  reprefent  the  plane  of  motion,  K its 
pole,  FIM  a parallel  or  lefler  circle  projedted  on  it,  the  diftance 
of  this  parallel  from  the  pole  K being  meafured  by  the  arc  PK  ; 
let  KO  be  the  primitive  fecondary,  and  BFD  the  fixed  plane  of 
reflection  on  the  fpeculum  B coincident  with  it.  The  other 
parts  of  the  conftrudtion  * remaining,  it  has  been  demonftrated 
(art.  10  ),  that  the  fine  of  half  the  obferved  angle,  that  is, 
the  fine  of  half  ED,  is  proportional  to  the  fine  of  IF,  and 
the  cofine  of  DJL  jointly.  Every  thing  elfe  being  the  fame, 
it  is  manifeft,  that  the  fine  of  half  ED  will  be  proportional  to 
the  fine  of  IF : as  therefore  the  arc  KF,  that  is,,  the  inclina- 
tion of  the  refledting  planes  to  the  plane  of  motion,  is  decreafed, 

* Compare  fig.  2.  and  3. 
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the  angle  meafured  or  arc  ED  will  become  fmaller  at  the  fame 
time,  becaufe  FI  decreafes  with  KF,  the  angle  IKF  remaining. 
This  property  feems  applicable  to  good  purpofe  in  meafuring 
fmall  angles,  not  only  from  the  great  extent  of  fcale,  which 
is  here  obtained,  but  from  various  advantageous  circumftances, 
which  will  appear  in  the  fubfequent  article,  and  from  the  com- 
putations annexed  in  thofe  which  follow. 

In  this  confiruCtion  the  fixed  plane  of  reflection  is  made 
coincident  with  the  primitive  fecondary  for  various  reafons : 
there  are  only  two  pofitions  of  that  fixed  plane  which  admit  of 
eafy  and  exact  adjuftments  ; thefe  are  when  the  fixed  plane  of 
reflection  is  either  perpendicular  (art.  n.)  to  the  primitive  fe- 
condary or  coincident  with  it.  The  latter  pofition  is  preferred 
exclufive  of  the  advantages  it  poflefles  in  common  with  the 
other,  becaufe  it  affords  means  for  a very  precife  adjuftment  of 
the  inclination  of  the  reflecting  planes  to  the  plane  of  motion, 
that  is,  of  the  arcKF  ; for  if  the  primitive  fecondary  OKMD 
(fig.  12.)  be  produced,  and  in  it  DG  be  taken  equal  to  four  times 
KF,  it  is  manifeft,  that  when  the  perpendicular  Cl  coincides  with 
M,  or,  which  is  the  fame  thing,  when  the  radius  CP  is  directed 
to  180%  the  objeCt  E obferved  by  two  reflections  will  coincide 
with  G,  becaufe  BFztFD  and  BM  — MG  by  confiruCtion.  If 
then  two  given  objeCts  be  obferved  when  the  index  points  to  1 8o°, 
the  inclination  of  the  plane  refleCtors  to  the  plane  of  motion 
will  be  one  fourth  part  of  the  angle  fubtended  by  thefe  objeCts. 

Concerning  the  magnitude  of  the  arc  FB,  being  the  meafure  of 
the  angle  of  incidence  on  the  fixed  fpeculum,and  of  KF  — the  in- 
clination of  the  refleCtors  to  the  plane  of  motion,  it  will  appear, 
by  the  computations*,  that  the  fmaller  they  are  both  taken,  every 
thing  elfe  being  the  fame,  the  more  exaCt  will  be  the  refult  of 
the  oblervation ; but  both  are  limited  by  circumftances  which 

* Infra, 


{hould 
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fliould  next  be  defcribed  ; thefe  will  be  more  obvious  if  an  out- 
line be  annexed,  reprefentmg  this  particular  cafe  of  the  theory 
adapted  to  the  menfu ration  of  fmall  angles  when  reduced  to 
practice.  OAPC  (fig.  13.)  is  the  plane  of  motion,  C the 
moveable  fpeculum  carried  round  in  the  plane  of  motion  by 
the  radius  CP  ; a ray  coming  from  any  diftant  objeCt  T im- 
pinges on  the  fpeculum  C,  and  being  reflected  in  the  direction 
CB,  is  there  again  reflected  in  the  direction  BG,  palling  along 
the  axis  of  a telefcope,  A ray  coming  from  another  diftant 
object  S,  inclined  to  the  ray  TO  at  a fmall  angle  enters  the  tele- 
fcope  parallel  to  the  direction  of  its  axis,  which  is  coincident  with 
EG,  and  corifequently  the  images  of  the  two  objects  S and  T will 
be  feen  to  coincide  in  the  middle  of  the  field  of  the  telefcope, 
the  angle  fubtended  by  them  being  BGT,  which  muft  be  deter- 
mined by  the  fubfequent  computations. 

17.  By  this  figure  (tig.  13.),  without  further  argument,  it 
is  plain,  that  the  magnitude  of  the  reflecting  fpeculum  C limits 
the  conftant  angle  of  incidence  on  B ; for  were  that  angle  = 0 , the 
lines  CB,  BG,  would  coincide,  by  which  means  the  ray  BG 
and  others  adjacent  to  it  would  be  intercepted  from  enter- 
ing the  telefcope.  The  magnitude  of  the  reflecting  plane  de* 
pends  on  the  quantity  of  light  required ; if  a circle  of  about 
I 2 inches  diameter  be  lufficient,  and  the  perpendicular  diftance 
of  the  reflecting  planes  be  made  equal  to  five  inches,  the  leaft 
tingle  of  incidence,  confident  with  thefe  conditions,  will  be 
about  70.  It  is  however  to  be  remembered,  that  the  magnitude 
of  the  reflectors  fhould  be  adapted,  to  the  aperture  of  the  tele^ 
fcope  ufed  in  the  obfervatioh.  As  the  area4of  the  fpeculum  in- 
creafes,  the  light  admitted  into  the  fame  . telefcope  decreafes, 
and  thefe  areas  fhould  be  lb  proportioned  as  to  afford  equal  quan- 
tities of  light,  fo  that  the  objects  feen  by  two  reflections,  and 
by  direCt  rays,  may  be  nearly  of  equal  brightncfs ; but  for  the 
Vol.  LXXI.  I i i lake 


414  Mr.  atwood’s  Theory  for  the  Menfuration 
fake  of  conftruCting  an  example  to  this  theory,  the  magnitude 
of  the  reflecting  planes  and  the  angle  of  incidence  on  the  fixed 
fpeculum  B depending  on  it  may  be  aflumed  of  the  value  men- 
tioned in  this  article. 

1 8.  The  magnitude  of  the  arc  KF,  or  of  the  inclination  of 
the  reflecting  planes  to  the  plane  of  motion  is  limited  by  the 
angles  which  the  obferved  objeCts  fubtend  (art.  16.).  Fig.  12. 
Becaufe  the  greateft  angle  obfervablc  will  be  meafured  by  four 
times  the  arc  KF,  it  follows,  that  the  arc  KF  muft  not  be  lefs 
than  one  fourth  part  of  the  greateft  angle  intended  to  be  ob- 
ferved by  this  conftruCtion  ; if  the  inclination  denoted  by  the 
arc  KF  be  fixed  at  ic/,  four  times  that  angle  being  40'  will  be 
greater  than  the  apparent  diameters  of  the  fun  or  any  of  the 
planets. 

19.  It  remains  to  infer  from  the  preceding  conftruCtion  (fig. 
2),  the  aCtual  meafure  of  the  angle  fub tended  by  the  objeCt s 
obferved.  This  muft  be  effected  by  computation,  which  will 
not  only  ferve  as  an  illuftration  of  the  theory,  but  afford  means- 
of  eftimating  and  comparing  the  errors  in  the  angle  deduced, 
occafioned  by  the  unavoidable  errors  in  obfervation  and  practical 
conftruCtion ; an  examination  extremely  ufeful  in  aftronomical 
fubjeCts : next  to  removing  errors  entirely  from  obfervation s* 
which  is  fcarcely  to  be  hoped  for,  the  leffening,  circumfcribing, 
and  reducing,  them  within  known  limits  is  an  objeCt  of  prin- 
cipal confequence. 

20.  The  conftruCtion  of  fig.  2.  remaining,  through  the 
points  F and  I (fig.  14.)  draw  the  great  circle  FI.  BifeCt  FI  in 

and  through  the  points  K and  Q^draw  the  arc  KQ^  which  * 
■will  be  perpendicular  to  IF.  To  determine  by  computation  the 
arc  ED  which  meafures  the  angle  fubtended  by  the  obferved 
objeCts,  three  fpherical  triangles,  KQF  or  KIF,  IFB,  and 
DBE,  muft  be  folved,  for  which  the  data  are  evidently  fufficient ; 
5 or 
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or  the  value  of  ED  may  be  obtained  from  the  folution  of  two 
triangles  KQF  and  DFL,  with  the  proportion  demonftrated  in 
art.  9. 

21.  To  proceed  with  the  computation,  through  D draw 
the  arc  DL  perpendicular  to  FI,  and  let  the  fine  of  QKF:=jft, 
being  the  fine  of  half  the  arc  OP,  the  meafure  of  IKF  : put  the 
fine  of  KF  = r,  the  fine  of  the  fine  of  DFK  — w,  ra- 

dius = 1.  In  the  right-angled  fpherical  triangle  KQF,  the  pro- 
perties of  fpherics  give  this  proportion : as  radius  to  the  fine 
of  KF  fo  is  the  fine  of  QKF  to  fine  of  QF;  wherefore 
fin.  QF~j/;  cof.  QF—y/i  -s2p";  and  fin.  FI  (FI  being 
double  to  QF)  ~ 2 sp  x ^/i  — szpz • Moreover,  becaufe  as  rad. 
to  cof.  QK  fo  is  cof  QF  to  cof  KF,  we  have  cof  KQ== 

V' 1 .7  - - ; and  fin.  KQ  ~ V-LlZlA . And  fince  as  rad. : fin.  QFK. 

v/i 

fo  is  fin.  KF  to  fin.  KQ ; this  proportion  gives  fin.  QFK 

; and  becaufe  the  fine  of  the  angle  LFD  is  the  fine  of 

the  difference  (or  fum)  of  the  angles  QFK,  DFK,  of  which 

juft  found,  and  fin.  DFKss# 


the  fines  are,fin.QFK 


'A'-p1 


s/ 


■sy 


by  the  data,  we  have  from  the  rules  of  trigonometry, 

flft  # TTFT  ~ A —p~x  A —nLz+i  \/pznz  — nzslpL 

Vi-.sy  * 

and  fince  in  the  right-angled  triangle  LDF,  as  rad, : fin.  DF  V:  fin. 
DFL  : fin.  DL,  and  by  the  problem  fin.  DF  ~m  it  appears,  that 

* If  the  points  P and  QJ>e  on  different  * fides  of  the  point  O as  they  are  repre- 
fented  in  the  conftru£tion,  the  laft  term  will  be  affected  with  the  fign  — : if  P 
and  Q.be  on  the  fame  fide  of  O,  the  fign  of  the  laft  term  will  be  -j-.  It  may  be 
here  obferved,  concerning  the  geometrical  conftr action  (fig.  2.  and  3.)  that  when 
P and  Q^are  on  different  fides  of  O,  the  angle  obferved  ED  will  be  greater  than 
when  thofe  points  are  on  the  fame  fide  of  the  initial  point  O,  the  arcs  OP,  Oj>, 
being  equal. 

* Compare  fig.  2. 
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fin.  DL  = and 

¥ 


im.  DL! 


a 7ft 


:*  — n?nz - p2m2^2p%mzhz-r>i2nzpzs'  + 2?ritpn'*  ^ \ -pz  x a/  i - sz  X *S  I -n 


l 


and  the  fquare  of  the  cofine  of  DL 

1 - fp*—  nz  + /ft  V -f  p2n?  - 2pzmzrz  + mz*pzz  ±2mzpn  X ^ I - pz  X ^ l -j2  X ^ i - n 


l ~*F 


The  fine  of  IF  was  fhewn  to  be  2 spy  v/ 1 -s7p\  and  its 
fquare  ^ 4 s'pz  x 1 — spf  : moreover,  it  was  demonftrated  in 
art.  9.  that  as  rad.2  : coi.DL2  ::  Fin.  IK  : im.  I ED2  which 
gives,  by  fubftituting  the  values  of  col.  DL2  and  tin.  IF2,  and 
multiplying  the  cof.  DL2  into  tin.  IF2,  tin.  \ ED2  = 


4 2p]  x I - izpz  - /ft2  4"  ” 2 pznziz  + nz)zzpz  ±:  2 ?nzp  1 ;.X  ^ I - j2  X ^ i —p“  X ^ i -ft 

and  the  cofine  of  4 ED2  = 


X-\zp2  x l-szpz— nr nr  nz pzmz—2pz.-/z/z-\-nznzs'pz±:  2m  pn  X V l-j2  x V i-p~  X Vi-ft 

finally  the  cofine  of  ED  is  therefore  =r 

%-%zpz  X i—i2pz-m2  -f  nznz  Jrpzr;z-2pznzrz  A^tnr2  szpz  =£.2nzpn  x i-J2  X y'"  i-/>*  x V 1-ft2 

22.  The  particular  cafes  inferred  from  the  geometrical  con- 
frruftion  may  be  compared  with  this  analytical  value  of  the  cofine 
of  ED,  or  of  the  angle  fubtended  by  the  obferved  objects.  If 
s—i  and  n~- 1,  by  fubftituting  i for  s and  n in  the  expreffion 
juft  found,  we  fhall  have  the  cofine  of  ED  =■  i — 8pz  -f  8 p\  which 
is  the  cofine  of  an  arc  four  times  greater  than  that  of  which  the 
fine  —po.  This  anfwers  to  the  properties  of  hadley’s  inftrumenr, 
in  whichKFor  the  inclination  of  the  reflecting  planes  to  the  plane 
of  motion  is  90°,  audits  fine  — 1 ~s:  moreover,  in  hadley’s 
inftrument,  the  fixed  plane  of  reflection  at  the  unmoved  fpecu- 
lum  is  parallel  to  the  plane  of  motion,  and  therefore  perpendi- 
cular to  any  fecondary  of  that  plane  ; its  inclination  to  any  fe- 

condary 
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condary  therefore  will  be  90%  and  the  fine  of  this  inclination 
~ 1 — n by  the  problem.  And  fince  p is  the  fign  of  half  the 
inclination  of  the  refledtors,  the  angle  of  which  the  cofine  is 
1 — 8 pz  4-  8^4  will  be  twice  the  inclination  of  the  refiedting  planes, 
which  is  a property  of  hadley’s  inftrument.  In  the  analytical 
value  of  the  cofine  of  ED,  the  laft  term  is  affedted  by  two  figns  ; 
thefe  depend  on  the  pofition  of  the  fecondary  KP  and  the  in- 
terfedtion  Q in  refpedt  of  the  point  O.  If  the  fecondary  KP 
or  the  index  CP  be  on  the  fame  fide  of  O with  the  interfedtion 
Q (fig.  2.),  the  fign  of  the  laft  term  is  negative:  if  CP  and 
CMae  on  oppofite  fides  of  O,  the  fign  of  the'  laft  term  will 
be  pofitive;  and  when  DFK=r  0 or  180°,  the  whole  term 
vanifhes,  becaule  in  that  cafe  n = o.  Alfo,  if  m~o9  n=i9 

s = 1 , or  if  p = 1 , the  laft  term  vanifhes.  When  mzzs~  5, 

v 2 

KF  = 450 : in  this  cafe,  if  n — 0 the  conftrudtion  will  be  that  de- 
fcribed  in  art.  15.  and  the  cofine  of  the  obferved  angle  ED  will 
equal  1 — 2 p1,  the  other  terms  vanifhing  : andbecaufe  1 — 2 pz  is 
the  cofine  of  an  arc  double  to  that  of  which  the  fine  ~ />,  it 
follows,  that  the  angle  obferved  will  be  equal  to  the  arc 
defcribed  by  the  index  from  0,  of  which  the  fine  of  one' 
half  is  by  the  problem  =:  p.  In  every  cafe,  when  n = o9 
that  is,  when  the  fixed  plane  of  reflection  at  the  unmoved  fpe-~ 
Culum  coincides  wTith  the  primitive  fecondary  KO  (fig-  2.  and 
1 2.),  the  cofine  of  ED  — . 1 — 8 j2/>2  x 1 — szff  — in  4 -plnf. 

23.  The  fine  of  ED  will  be  neceflary  (art.  27.)  to  afcertain 
the  variation  of  ED  from  the  truth  oecafioned  by  errors  in 
the  data ; to  obtain  fin.  ED  let 

l-fp^-rn  4 r}?n  4 ft  rtf- %plm'ri'  4 »2/2V/±  irrpnp  xVi-sl  X’l/  i-pz  X V 1 -nz 

zzd:  then  (art.  21.)  from  the  value  of  col.  ^ED  we  have 
fin.  ED=  ^sp  x >/d  x s/i  - 4f/>V.  When  s is  very  finally 

and 
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and  n~o,  d~  i — n?  + n?p%  nearly,  winch  gives 

fill.  ED  — 4.sp  x ^/i  — mz  + mzpz  nearly. 

24.  The  cofine  of  the  obferved  angle  reprefented  by  ED 
(fig.  Zo  and  14.)  in, the  conftruttion,  being  computed  from  the 
four  given  quantities  p,  s,  m,  and  if  either  of  thefe  fhould 
deviate  from  its  true  value,  the  angle  deduced  will  be  erroneous  ; 
and  from  the  general  expreffion  for  the  cofine  of  ED,  an  efti- 
rnation  of  this  error  will  be  obtained  In  the  Inveftigation, 
however,  it  muft  be  obferved,  that  although  the  fmall  incre- 
ments or  decrements  of  arcs  or  fines  are  aflumed  proportional  to 
the  fluxions  of  thefe  quantities,  which  is  ftriftly  true  only  in 
the  nafcent  ftate  of  the  increments  or  decrements,  yet  when 
the  given  variations  are  in  a practical  fenfe  very  fmall,  the 
eftimation  of  corresponding  variations  will  be  in  general  fuffi- 
ciently  exa£l  for  practical  purpofes. 

25.  Small  increments  and  decrements,  that  is,  fmall  varia- 
tions, being  aflumed  proportional  to  the  fluxions  of  arcs  and 
of  their  fines  and  cofines,  if  the  variation  of  the  fine  or  co- 
fine of  any  given  arc  be  known,  the  cotemporary  variation 
of  the  arc  will  be  for  the  moft  part  inferred  from  the  following 

proportions:  as  fin.  : rad.  ::  — col.  : arc;  and  as  cof. : rad. 

fin.  : arc.  But  thefe  proportions  muft  be  ufed  under 
reftriclions  very  necelTary  to  be  inferted  in  this  place,  be- 
ing true  when  applied  to  the  intermediate  parts  of  the 
quadrant  only  and  failing  at  the  extremities ; for  example, 
at  the  very  beginning  of  the  quadrant,  or  at  the  very  end 
of  the  feml-circie,  the  variation  of  the  cofine  is  the  verfed  fine 
of  the  arcs  increment  or  decrement,  which  gives  the  proportion 

as  fin.  : 2 x rad.  ::  —cof.  : arc,  being  wholly  different  from  the 
former  : in  like  maimer,  at  the  very  extremity  of  the  qua- 
drant, 
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drant,  the  increment  of  the  line  becomes  the  veiled  line 
of  the  arcs,  kit  increment,  which  gives  this  proportion  : as 

cof.  : 2 x rad.  ::  fin-  : arc.  And  lince  in  this  cafe  arc  — coline, 

we  (hall  have, arc  — \/  2-xfin.  radius  being 


i. 


In  the  other 

parts  of  the  quadrant  which  are  not  very  near  its  extremity,. 

-1 — fin. 


arc  = — ; Having  given,  therefore,  the  variation  of  the  line 

or  cofine  of  any  arc,  the  line  or  coline  being  known,  the 
cotemporary  variation  of  the  arc  itfelf  may  be  obtained,,  when, 
it  is  either  at  the  very  extremities  of  the  quadranty  or  at 
fome  diftance  from  thofe  extremities.  The  difficulty  lies  in 
afcertaining  in  what  part  of  the  quadrant  the  value  of  the 


arc 


fin. 

— cof. 

~ col.  ~ 

fin. 

=V  2 : 

x fin. 

begin  to  fail,  and  the  value  expreffed  by 

arc  = v 2 x-  tin.  or  — A^2  x cof.  to  take  place.  This  leads  to 
a general  proposition  comprehending  both  thefe  values  for  thee 
arc’s  variation,  extended  to  every  part  of  the  quadrant- 

The  propofition  is  this  : the  difference  of  the  cofines  is  to 
the  chord  of  the  difference  of  any  two  arcs,  as  the  fine  of  an 
arithmetical  mean  between  them  to  radius ; and  the  difference  of 
the  fines  is' to  the  chord  of  the  difference,  as  the  cofine  of  the 
fame  arithmetical  mean  to  radius.  Let  i\B,  AF  (fig.  15.)  be 
the  given  arcs  ; BF  their  difference  ; BL,  FH,  the  fines  ; CLr 
CH,  the  cofines  of  the  arcs  AB,  AF,  refpe&ively  join  CA,  CJBr 
GF,  and  FB  ; FB  will  be  the  chord  of  the  difference  of  the  arcs 
AF,  AB.  Through  B draw  BG  parallel  toCA  then  HL==BG 
will  be  the  difference  of  the  colines,  and  FG  the  difference  of 
the  fines.  Bifedt  FBffn  D,  fo  ffiall  DA  be  an  arithmetical  mean 
between  the  arcs  FA,  BA  ; join  DC,  which  will  interfeft  FB  at 
right  angles  in  E ; through  D and  E draw  DK,  El,  perpendicular 

to 
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to  CA  : DK  will  be  the  fine,  and  CK  the  cofine  of  the  mean 
arithmetical  DA  : the  fimilar  triangles  CEI,  GDK,  FGB,  give 
the  following  proportions  : 

HL  or  GB  : FB  ::  DK  : DC,  and 

GF  : FB  CK  : DC,  which  was  the  propofition 
to  be  demonftrated 


* When  FB  (fig.  i£)  is  fo  final!  in  companion  of  FA,  that  FG  fhall  be  eva- 
nefcent  in  comparifon  of  FH,  FH  and  BL  will  be  in  the  ratio  of  equality, 
and  confequently  the  ratio  FH  : FC  equal  to  the  ratio  BL  : BC,  or  to  the  ratio 
DK  : DC  ; for  this  reafon,  and  becaufe  it  has  been  proved,  that  as  HL  : FB  :: 
DK  : DC,  it  follows,  that  as  HL  : FB  ::  FH  or  BL  : BC,  that  is,  as  the  variation 
of  the  cofine  is  to  cotemporary  variation  of  the  arc,  fo  is  the  line  of  the  varying 
arc  to  radius ; and,  for  fimilar  reafons,  as  the  variation  of  the  fine  is  to  the 
cotemporary  variation  of  the  arc,  fo  is  the  cofine  to  radius. 

If  BA  be  fo  diminifhed  that  FG  fhall  bear  a finite  proportion  to  FH,  and  too 
great  to  be  negleHed,  BL  will  not  be  either  to  FH  or  to  DK  in  a ratio  of  equa- 
lity : confequently,  FH  or  BL  muff  no  longer  be  fubftituted  for  DK  : as  BA 
becomes  lefs,  FB  being  ft  ill  fuppofed  evanelcent,  DK  approximates  to  the  fine 
of  |FB  to  which  it  is  ultimately -equal  when  B and  F arecoinciding  with  A (fig.  1 6.) . 
In  which  cafe  the  proportion  will  become  as  HL  or  HA  : FB  or  FA  ::  |FA  : to 
CA,  that  is,  as  the  verfed  line  of  FA  is  to  the  arc  FA  fo  is  half  the  arc  FA  to  radius, 
or  fo  is  the  arc  FA  to  diameter. 

The  proportions  which  have  been  demonftrated,  comprehend  the  variation 
of  the  arc  exprelfed  in  terms  of  the  cotemporary  variation  of  the  line  or  cofine 
in  every  part  of  the  quadrant  without  limitation,  it  being  only  allowed  to  fub- 
ftitute  the  arc  FB  inftead  of  its  chord,  thefe  quantities  approximating  the 
tnore  nearly  to  equality  a3  FB  is  fmaller,  and  being  ultimately  equal  in  their  eva- 
nefcent  ftate.  Moreover,  it  will  be  eafy  from  what  has  preceded  to  conftruft  a 
plane  right-lined  triangle,  which  lliall  be  fimilar  to  the  mixtilinear  triangle  con- 
tained under  an  arc,  its  fine  and  verfed  fine  when  they  are  diminifhed  fine  limite. 
Let  FA  (fig.  16.)  be  any  arc,'  FA  the  chord,  FH  the  fine,  CH  the  cofine  of  the 
arc  FA.  Bife£t  FA  in  D,  join  CD,  and  draw  the  right  fine  DK : then  will  the 
plane  right-lined  triangle  KDC  continually  approximate  to  fimilarity  with  the 
mixtilinear  triangle  FDAH  as  FA  becomes  fmaller,  and  the  two  triangles  will  be 
ultimately  fimilar  when  FA  is  vauilhing. 


3 
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From  thefe  geometrical  proportions,  having  given  any  arc  and 
the  variation  of  its  fine  or  cofine,  the  cotemporary  variation  of 
the  arc  may  be  eftimated  by  computation  in  general  for  any 
part  of  the  quadrant.  Let  the  fine  of  any  arc  be  r,  the 
cofine  — r,  the  chord  of  the  arc’s  variation  — x,  the  given  varia- 
tion of  the  cofine  = d , or  the  given  variation  of  the  fine  = by 
radius  = 1 ; then  if  the  cofine  of  the  arc  increafes  by  the  dif- 
ference d,  the  chord  of  the  cotemporary  decreafe  of  the  arc*  or 

— x~  2SZ  — 2 dc  =+=  \j  2s1  - 2 dc  — 4 dz 
and  if  the  fine  of  the  given  arc  increafes  by  the  difference  b 

4*  X = sf  2CZ  - 26s  V 2 C2  — 2 bs  — \b%  ^ 

which  are  the  mathematically  true  values  of  the  chord  FB, 
and  will  approximate  to  the  magnitude  of  the  arc  FB  as  that 
arc  is  continually  diminifhed.  The  following  expreflions  for 
the  chord  of  the  variation  x are  more  compendious,  and  will 
be  fufficiently  near  the  truth  when  FB  is  very  fmall. 


In  thefe  four  expreflions  it  muft  be  obferved,  that  the  fine  and 
cofine  are  fuppofed  to  vary  by  increafe  : fhould  the  variation 
be  a decrement,  the  fign  of  x and  of  b or  d muft  be  changed. 

26.  Let  the  quantities  py  s , m,  n , vary  by  fmall  in- 
crements/*, s,  my  n , refpeftively,  then  to  obtain  the  cotempo- 
rary variation  of  cof.  ED,  becaufe  (art.  2 1 .) 

Co f.  ED  = 1—8  szpz  x 1 — sz  pz  — mz  + m n -f  mz  pz  — 2 pzmznz  4- 

mznzszpz  z±z  2 mznp  x/i  — pz  x \/ 1 ~nz  x \/ 1 — sz9 
by  taking  the  fluxion  of  the  equation  we  have 
Vox,.  LXXL  Kkk 


Cofi 
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Co i.  LU  — — 1 6 s2pp  X i — 2 — tf/2  4-  n„L  + 


i m~  p — a u.  n" p 4~  2 & z#  vy 


m nt>.  x v i — x ^ i --  i2  x 3 — 4// 


— 16 ^2i  j X I — 2 J2y  — Zft2  + zz'  zzr  -j-  p2  n2  — 2 p~  nr  n 4-  2 / ’ mx nz  r 


z/,  rip  xv  i-«  x V 1 — y>  x 2 — 


+ 


1 6szpzmnX  1 - w2-//2  + 2/>V-j7>Vh=2/);.X  ^i-zrx  ^i-rX  ^ 1-^ 


+ 1 6 j2/>2/wz«  X — w + 2^2 n — f/>2zz  : 


a/  i — r x ^ 1 — z/2 


/,  X p X 1 — 2h 


V T _ 


I — 


27.  This  value  of  col.  ED  is  expreffed  in  terms  of  the  va- 
riation of  the  fines  of  the  given  quantities  : if  it  be  neceflary 
to  exprefs  col.  ED  in  terms  of  the  variation  of  the  arcs  them- 
ielves,  it  muft  firft  be  confidered  to  what  part  of  the  quadrant 
they  belong  : for  example,  if  s be  a line  of  an  arc  b not  very 
near  the  extremity  of  the  quadrant,  and  the  variation  be  r,  the 


cotemporary  variation  of  the  arc  b will  be  py-~— 2 > but  if  the 

variable  arc  be  nearly  = 90°,  and  becomes  exaftly  equal  to  it 
ultimately  having  varied  by  a fmall  arc  b of  which  the  verfed 

fine  - - v ; then  will  - s = the  verfed  line  of  b and  - b — v/ 2 v. 
Laftly,  if  the  variable  angle  approximates  to  90%  but  is  not 

equal  to  it,  and  the  variation  of  its  line  fhould  be  = s,  the  co- 
temporary variation  of  the  arc  muft  be  obtained  from  the 
general  theorem  in  art  25.  When  either  of  the  two  lat- 
ter cafes  happen,  the  variation  of  the  arc  muft  be 
determined  for  each  particular  cafe  ; but  it  will  be  neceflary 
to  give  a general  expreflion  for  cof.  ED  in  terms  of  the  varia- 
tions of  the  given  arcs,  of  which  py  r,  //;,  ri,  are  the  refpe&ive 
fines  when  thefe  arcs  are  at  feme  diftance  from  90°;  this  is 
contained  in  the  next  article* 


7 


28.  Let 
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28.  Let  the  angle  QKF  = a(fig.  14.);  the  arc  KF  = <£ ; the  arc 
DF  = r,  and  the  angle  DFK  = d ; their  refpedUve  increments 
being  a,  b,  c,  and  d,  their  fines  p,  s,  in,  and  n,  and  the  co- 
temporary  increments  of  their  fines  p,  's,  m,  and  n:  from  the 
proportion  contained  in  art.  24.  we  ihall  have  p = 'ax  %/i  -p*t 
s ~ b x v/ 1 ? ffi  c X s/ 1 — ni  , and  h — d x \/ 1 — n , which 

being  fubftituted  in  the  value  of.cofi  ED  laft  found  will  <nvi 

fc> 


Coi.  Lu  — — l6s2Xif/ 1 -pz  Xpaxi-  2>zpz-mz  + n2m2  + 


2m~p~-pri rtp"  4-  2 zmznzp‘ 


± X * 1 ^ f X ^ 1 - nz  x 3-4/r 
i—pz 


— 16 pz  x 1 - rxlix  1 — 2szpz  — mz  + nzMz  + pz& --  2f 


lf7pX  1 _ x ^ i — pz  x 2 - 3? 


rrznz  -f-  2zm  npz 


4-  ibzpz  X ^ i-nrmc  X I -nz-pz  4 2pznz-  szp2  *z  qq  2pn  x ^ i~»“  x v i-j2  x ^ i-/> 

__p  x v'  i—  r x ^ r — pz  x j - 2 nz 


4 1 6 slpzmz X ^ i — nz  x d x — »4  — szpznq 


Vi 


This  quantity  (art.  23.)  being  divided  by  the  fine  of  the  ob- 
ferved  angle,  the  variation  of  that  angle  or  ED  will  be  the 
quotient. 

29.  In  the  expreffion  for  cof.  ED  contained  I11  art.  26.  the 

variations^,  j,  m , and  n , are  arbitrary,  as  are  a , c,  and  </, 
in  the  laft  article.  If  a condition  be  annexed  to  the  variation 
of  any  of  them,  two  or  more  may  become  dependant  on  each 
other ; and  their  relation  muft  be  determined  by  the  nature  of 
the  cafe.  Moreover,  if  one  or  more  of  the  given  arcs  and 
their  fines  fhould  be  corredt,  the  variations  correfponding  and 
all  the  terms  multiplied  into  them  will  vanilh.  To  give  an 
example  of  the  ufe  of  thefe  expreffions  before  they  are  applied 
to  the  immediate  purpofe  of  examining  the  new  conftrudtions 

K k k 2 deferibed 
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defcribed  in  art.  1 5.  and  1 6.  let  it  be  required  to  affign  what  error 
is  occafioned  in  observing  a given-angle  with  a hadley’s  fe&ant, 
in  which  the  telefcope  is  parallel  to  the  plane  of  motion,  but 
the  two  refiedlors  deviate  from  their  perpendicular  to  that  plane 

by  a fmall  angle  b.  Suppofe  the  error  of  half  the  arc  pointed 
to  by  the  index  to  be  <2,  and  confequently  the  error  of  the  fine 

of  half  that  * arc  =a  x \/ 1 — p1  —p  in  this  cafe,  becaufe  the 
inclination  of  the  refledlors  to  the  plane  of  motion  is  nearly 
5=  po°,  the  variation  of  the  fine  will  be  equal  to  the  verfed  fine  of 

the  fmall  arc  /,  by  which  the  inclination  deviates  from  90° ; let 

v be  the  verfed  fine  of  b , then  will  - s ~ v (r  varying  by  a de- 
crement, of  v)+,  Moreover,  becaufe  a condition  is  annexed,  which 
is,  that  the  line  of  obfervation  is  parallel  to  the  plane  of  mo- 
tion, the  variations  s , and  will  be  dependent  on  each 

other.  To  inveftigate  their  relation  let  FO  — b (fig- 7-)  be  the 
fmall  arc  which  meafures  the  deviation  of  the  refle&ors  from 
the  perpendicular  to  the  plane  of  motion  : then,  becaufe  fin. 
DG=w,  and  fin.  DOF  = n =■  1 by  the  problem,  when  F from 
having  been  coincident  with  O has  moved  through  the  arc  OF, 

it  is  plain,  that  n = fin.  DFO  - fin.  DOF  = ( n being  a decre- 
ment) ; but,  by  the  F properties  of  fpherics,  cof.  DFO  = 

^.a£DF  = ^x;Vg,  and  FQ  beb  fmall,  the 

fin.  Db  m 0 J 

* p here,  as  in  the  general  folution,  denotes  the  fine  of  half  the  arc  to  which 
the  index  on  the  plane  of  motion  is  directed,  that  is,  p — the  fine  of  one-fourth 
of  the  angle  obferved  in  Mr.  kadley’s  conftru&ion. 

t Fig*  j-f  as  rad.  : cotang.  DF  ::  tang?  FO  : cof.  DFO,  that  is,  FO  being  very 

fmall, and  therefore  FO  zz  2 x verfed  fine  of  FO,  as  rad.  : cotang.  DF  ::  V iv  : coft 
DFO  : by  the  problem  fin.  DF  zrw,  and  cof.  DFr^i  — m , wherefore  cot.  DFz^ 

which  gives  cof,  DFO  -V~oY,  — 


fine  of  DFO  = i — 
tracled  leaves  n 
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~™~9  from  which  1 = fin. DOF  being  fub- 

in  0 

— vXl  —tnz  . r * * 4-  s X 1 - rnz 

2 ; or  became  j = - v9  ?2  = Z — 


Moreover,  the  * quantity  - — - in  the  nafcent  ftate  of  i — / and 
i _ n — — and — ■■■■  . Making  therefore  in  the 

i-w2 * 4  > i V ! nf 

general  exprefiion  contained  in  art.  26. 


— VX  I — m 


m 


ax^i-pz=p,  and7=a  = \/j— 4,  n = s = i. 


we  fihall  have 


L of.  h D = - 1 6 pax  V"  i -/?X  1-2/d-f  i6pzvx  i - 2pz+pzmz=pmpX  ^ i-m2X  ^ i-p7, 
~\-l6pzvXi-pz-mz  + mzpl+mpX. V i -mzx  v'  l - pz  ~ - i6pa  X ^ i -p2Xi~2p'1  + 
1 6pz  v x 2 - %pz  — rn  + 2pzmz  ^zmp  x %/i  - mz  x : an(j 

becaufe  the  fine  of  the  obferved  angle  is  4 p x x 1 - 2/;, 

the  error  of  the  obfervation  itfelf,  that  is*. 


ED  = 4^  - 


4pv  X 2 — 3 p1  — nz -J-  2pzm'l=P2mpX  v'  1 — mz  X ^ 1 — pz\ 

^ 1 -/x  1 - 2/ 


In  this  example  the  pofition  of  the  telefcope  has  been  flip* 
pofed  exaflly  in  the  plane  of  motion ; fhould  it  be  in- 
clined to  that  plane  at  a fin  all  angle,  of  which  the  verfed 
fine  = v,  the  pofition  of  the  refiedlors  and  the  arc  pointed  to 

by  the  index,  being  correct,  the  general  value  of  cof.  "ED  will 

give  the  error  of  the  obfervation*  or  ED  — —APvXs/  l ~P 


1 — 2 f 


t- 


30.  To 


* The.  nafcent  value  of  1 — i_  zzz- ;.but  = — — 


1 — n __ 


2WI 


m 


m 


1 sz  uz 

wherefore  = when  5 and  n are  nearly  zr  1. 

1—  n 1 —m 

4 When  the  pofition  of  the  telefcope  only  is  erroneous*  the  points  F and  O 

coincide.: 
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30.  To  examine  in  what  degree  an  obfervation  taken  by  the 
new  conftrudiion  defcribed  in  art.  15.  is  affefted  by  known 
errors  in  the  given  quantities,  let  the  refieftors  B and  C deviate 
by  excels  from  their  true  angle  of  inclination  to  the  plane  of  mo- 
tion by  a fmall  angle  -f  b : let  the  angle  of  incidence  on  the 
fixed  fpeculum  be  too  gi*eat  by  the  increment  c : let  the  fixed 
plane  of  refleflion  deviate  from  the  fecondary  KO  with  which 
it  fhould  coincide  by  a fmall  angle  d\  and  laltly,  let  the  error 
of  the  arc  pointed  to  by  the  index  be  = 2 a\  then  thefe  variations 
are  arbitrary,  no  condition  being  annexed.  Moreover,  by  the 

conftruflion  m~s  = -d=,  and  n = o9  which  values  being  fub- 

v 2 

ftituted  in  the  general  expreffion  contained  in  art.  28.  we 
fhall  have. 

Cof.EDzz  -4  ap  xV  1-/  + 4/4-X  1 -pzl 

and  becaufe  the  fine  of  the  angle  meafured  = 2p  x v/ 1 - />% 
the  error  of  the  obfervation  required,  or 

coincide  (fig.  7.)  let  the  inclination  of  the  telefcope  to  the  plane  of  motion  with 
which  it  fhould  coincide,  be  meafured  by  the  fmall  arc  T)d;  then  the  correfponding 
variation  of  the  angle  DOK  will  be  DOd.  Let  Dd~e , and  its  verfed  fine  — v 1 

fince  the  fine  of  DOzw,  and  the  fine  of  DOK  — i zzn  by  the  problem,  n — the 

e ez  v 

verfed  fine  of  DOi;  but  DO d— — , and  the  verfed  fine  of  T>Od  ~ — 5=1-5  : 

m 2 m m 

• — v , • • 

wherefore  nz=.—r.  This  being  premifed,  it  appears  from  art.  26 . when  and  s , 
rn 


are=o,  that  cof.’ED  = + 16  ?fri?n  X -n  + 2fn-iLpLn^l~^y^l-trWAl-z 


V'l-rT 


4.  16  sTpzmm  x 1 — rf  — p2  + 2pz  rf  — szpznz~i-2  pn  x ^ 1 n X/i  •*  xyT  p 

— v 

in  which  quantity,  fubftituting  1 for  s,  1 for  »,  and  yr  for  w,  we  fliall  have 
coffED  = + 1 6pzv  X 1 -pz9  which  being  divided  by  the  fine  of  the  obferved 


angle  “ 


4 px^  1 — pz  x i-p  ,the  quotient  will  be  the  variation  of  that  angle  or  ED  — 


— 4 vp  x/1  — pz 


of  the  Angle  fult ended  by  Two  ObjeSls , &c. 

JiiJ  = 2a  + 2pb  x s/ 1 -f  _ 2 pc  x %/\ 

It  appears  from  the  fort  term  za,  that  an  error  in  the  arc 
pointed  to  by  the  index,  caufes  an  equal  error  in  the  obferved 
angae  , whereas  a double  error  is  caufed  by  it  in  hadley’s 
extant,  which  gives  the  new  conftrudKon  confiderabie  advan- 
tages : to  counter-balance  thefe  the  errors  in  hadley’s  conftruc- 
tion,  caufed  by  a wrong  pofit.on  of  the  reflecting  planes,  &c  are 
aimoft  evanefcent ; whereas  the  three  laft  terms  in  the  value  of 

LD  juft  found,  may  become  constable,  unlefs  great  care  be 
taken  in  making  the  adjuftments  : the  reparation'  alfo  of  the 
images,  when  in  contact,  caufed  by  any  unfteadinefs  of  the  m- 
ftrument  will  be  greater  than  in  Mr.  hadley’s  conftrudion  * ; 

but 

. * The  va™‘io"  of  obferved  angle  ED  will  fhew  how  much  the  images  fee* 

“ CODtaa  m f fidd  °f  the  tdefC0Pe  Wiil  W-  to  divaricate  on  any  mm  ill  of 
e entire  conftrua,on.  For  example,  while  the  images  of  the  obferved  objeft- 
are  coincident  in  the  held  of  the  te.efcope,  fuppofe  that  Mr.  hADLEY>s  inft« 

, .urned  round  ,n  its  own  plane  through  a fmall  angle  : here  ,,  »,  and  p,  not 
emg  affedted  by  this  motion,  it  follows,  that  7 n,-mip  = o,  *= the  fine  of  the 
gle  incidence  on  the  fixed  fpeculum,  being  the  only  quantity  which  fuffers 

alteration:  let  its  variation  = *,  which  will  give  from  art.  a6.  the  correfpondin. 
variation  in  the  cofine  of  the  obferved  angle,  or  a 

Cof.  ED  = + 16  rfmm  x - 

7°’  beCaufe  »='='■  therefore  any  motion  of  the  images  in  the  plane  of 
e .nftrument  Will  not  canfe  the  leaf!  feparation  of  them.  Now  fuppofe  the  whole 
be  turned  on  an  ax.s  f.tuated  in  the  plane  of  motion,  and  perpendicular  to  the 
efcope  s axis : it  the  angular  motion  be  meafured  by  an  arc  of  which  the  verfed 


4 vp  X^i  — p 

~ V 


fine  the  points  in  contaft  will  be  feparated  through  an  angle  - 

c:in^rn;ofrq“°ftheang,e  ^ the 

. y mal1’  When  the  angnlar  motion  does  not  exceed  ,o',  the  divarication  of  u 
images  will  be  inconfiderahle  Ail  t,r  . 3 ! tne  aivanc““°n  of  the 

have 
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but  in  meafuring  the  fmaller  angles,  this  feparation  of  the 
Images,  as  well  as  the  errors  expreffed  by  the  three  laft  terms 
will  be  greatly  diminifhed  while  that  which  is  denoted  by  2 a con- 
tained in  the  firft  term  is  not  increafed.  On  the  whole,  from 
the  properties  which  have  been  demonft  rated  to  belong  to  this 
conftrudtion  defcribed  in  art.  15.  it  may  feem  worthy  of  atten- 
tion in  pradtice,  for  feme  aftronomical  as  w^eli  as  other  ufes. 

3 1 . By  the  fame  way  of  examination  it  may  be  judged,  whether 
the  method  of  obferving  by  two  reflections  from  plane  furfacesbe 
applicable  to  the  menfu ration  of  fmall  angles,  according  to  the 
conftruclion  defcribed  in  art.  1 6.  Let  the  errors  of  the  four  given 
quantities  (as  in  the  laft  article)  be2tf  = the  error  of  the  arc 

have  been  confidered,  which  are  perpendicular  to  each  other:  and  from  hence  the 
reafon  appears.,  why  the  motion  of  a fliip  at  fea  does  not  much  diihirb  the  obfer- 
vatiomof  angles  by  Mr.  h ad-ley’s  inftrument. 

The  new  conftrudlion  defcribed  in  art.  15.  is  not  fo  well  adapted  for  obfervation 
where  it  cannot  be  fteadily  fixed.  When  the  images  are  in  contad,  if  the  infiru- 
ment  be  turned  in  its  own  plane  through  a fmall  angle  e"  the  feparation  of  the 
images  will  be  — 2e"pz  (becaufe  d"  — ^ 2 e\  vid.  p.  426.)  p fignifying  the  fine 
of  half  the  obferved  angle  : this  it  is  evident  will  moil  affect  the  obfervation  of 
the  larger  angles  ; but  in  meafuring  thofe  that  are  fmall,  the  divarication  will  be- 
come inconfiderable.  Moreover,  if  the  angular  motion  of  the  inftrument  be  e" „ 
when  it  turns  round  an  axis  in  the  plane  of  motion,  and  perpendicular  to  the  tele- 
fcope’s  axis,  the  feparation  of  the  images  will  be  zi  2 e"pX  — pz , p.  426.  which 
it  is  plain  will  moft  did  urb  the  obfervations  of  angles  about  90°,  but  will  fcarcely  alter 
the  contact  of  the  images,  when  the  angles  meafured  are  very  fmall,  or  near  ioo°. 

The  objedfs  obferved  and  their  images  are  here  underftood  to  be  phyfical 
points  : thus,  when  the  two  images  of  the  fun  are  feen  by  diredt  and  reflected 
rays,  and  the  limbs  appear  precifely  in  contadf,  if  by  any  motion  of  the  inftru- 
ment thecontadl  is  difturbed,  the  points  which  before  touched,  being  the  obferved 
.qbjedts,  are  faid  to  be  feparated,  whether  the  centres  of  the  folar  images  approach 
•or  recede  from  each  other,  the  feparation  being  eflimated  in  the  direction  of 
an  arc  which  palfes  through  the  centers  of  the  two  folar  images. 

Experience  mull  determine  in  what  degree  this  feparation  of  the  images  will 
,difturb  obfervations  taken  at  fea  v»rith  the  new  conftrudfion* 

3 pointed 
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pointed  to  by  the  index  ; b = the  error  of  the  inclination  of  the 
reflectors  to  the  plane  of  motion  ; c ~ the  error  in  the  angle  of  inci- 
dence on  the  fixed  fpeculum ; and  d — the  inclination  of  the  fixed 
plane  of  reflection  to  the  primitive  iecondary  with  which  it' 

fhould  coincide.  Referring  to  the  general  Value  of  cof.  ED, 
(art.  28.)  and  making  n — 0 we  fh all  have 

Col. ED— -1  Cx/ i~p2ps2.  Xi-3f&>2-^2  4-  2 mzp2- 1 6pzsl x ^ 1 x 1 - 2 pr  s'; -tn  4-  n. y 


+ 1 6s2/)2 cm  x 


^ I — /x 


I ~?n  X I — p~  -P  1 6^7>3 

and  becaufe  s being  very  fmall,  the  flue  of  ED  (art  23.)  ap- 
proximates to  4 sp  x %/ 1 

tion  itfelf,  or  ED  — 4 x 


in  the  error  of  the  obferva- 

x v'  I 


rxi  — 2z/ 


+ 2 p2ml 


“h 


V 

I — ni  +p2  n? 

4-pb  xv'  1 — s1 

xi  - 2 p2sz—  >t?  -f  n?p2 

V 

’ i-m2yp2rn 

4 spmcY^  v'  1 ~ 

nr  x I - / 

V 1 — rn 

+ p*mz 

Apm2p2$dx  */ 1 

1 ' 
c-  I 

1 ^ 
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1 

V'  1 — 
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The  firft  term  of  this  expreffion  gives  the  relation  be- 
tween any  fmall  variation  in  the  arc  pointed  to  by  the  index, 
and  the  correfponding  alteration  in  the  angle  obferved  ; if 
therefore  the  variation  on  the  divided  arc  be  any  fmall  angle 

2#,  4-  or  — the  firft  term  will  exprefs  the  variation  by  which 
the  obferved  angle  is  increafed  or  diminifhed.  According  to  the 
magnitude  of  in  and  s affumed  for  this  conftruction  m being  the 
fine  of  70,  and  s ~ the  fine  of  io\  it  appears,  that  at  the  very 
beginning  of  the  fcale  one  fecond  of  a degree  in  the  angle  ob- 
ferved correfponds  to  fomewhat  lefs  than  three  minutes  on  the 

divided  arc  OP;  that  is,  when  2a  ~ about  173",  ED=  f7, 

c,  b , and  d,  not  being  here  confidered.  When^>=§,  the  in- 
dex then  pointing  to  6o°,  one  fecond  in  the  obferved  angle  cor- 
Vol,  LXXL  L 1 1 refponds 
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refponds  to  about  199"  in  the  divided  arc  OP  : when^>  is  nearly 
~ i , the  index  being  then  direVed  to  almoft  1 8o°,  it  muft  defcribe 
above  2 degrees  to  make  an  alteration  of  1"  in  the  obferved  angle. 
The  fecond  term  exprefles  the  variation  in  the  obfervation  oc- 
cafioned by  an  error  b in  adj lifting  the  inclination  of  the  re- 
lieving planes  to  the  plane  of  motion  ; but  b (art.  18.)  cannot 
exceed  \ of  the  leaf!;  angle  vifible  in  the  telefcope,  confe- 
quently  the  utmoft  value  of  the  fecond  term  cannot  be  fo  great 
as  that  lead:  angle,  being  at  its  limit  when  p — 1 : it  is  mani- 
feft  when  p is  fmail,  that  the  fecond  term  is  fo  much  dimi- 
nifhed,  as  to  be  in  a phyfical  fenfe  evanefcent.  The  fame  may 
be  laid  of  the  fourth  term,  containing  the  error  of  the  optical 
adjuftment  f which  befides  is  multiplied  into  s the  fine 
of  1 oh  The  third  term  is  occafioned  by  the  error  c,  for 
which,  confiderable  latitude  muft  be  allowed,  fuppofe  f ; 
to  eftimate  the  effedt  of  this  error  on  the  obfervation, 
let  a cafe  be  affumed : let  the  index  be  diredted  to  90* 
when  an  obfervation  is  taken  for  determining  the  angle  lub- 

tended  between  two  ohjeVs  : then  will  p =■  ; by  fubfti- 

a/2 


tuting  M for  p,  the  fine  of  70  for/??,  the  fine  of  io'  for 

2 


and  iSo'7  for  c in  the  third  term,  we  fliall  have,  by  com- 
putation, the  value  of  that  term,  or  the  error  in  the  obfer- 
vation occafioned  by  this  deviation  of  the  angle  of  inci- 
dence from  its  true  magnitude  — ."090  not  the  tenth  partr 
of  a fecond.  This  is  rather  an  unfavourable  cafe,  the  variation 

being  not  much  lefs  than  at  its  maximum  when  p = f = : if  p is 

v'  2 

fmall,  or  nearly  — 1,  the  * variation  will  be  wholly  infenfible. 

o n 

* The  variation  is  a maximum  when^>~  the  line  of  35°  1 2' ; and  confequently 
the  arc  pointed  to  by  the  index  ~ 70°  24'*  SubHituting  therefore  the  fine  of  350  12' 

for 
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32.  From  contemplating  the  value  of  the  error  = ED, 
as  exp  refled  by  the  four  terms  juft  referred  to,  fome  further  ob- 
fervations  arefuggefted.  It  appears,  that  fetting  aftde  the  error 
of  the  fcale  exprefled  by  the  firft  term  (the  angles  meafured  be- 
ing here  fuppofed  lefs  than  22'  56"  33  ")  all  the  others  become 
fmaller  as  the  quantity  p3  and  confequently  the  angle  meafured 
is  diminifhed,  p being  multiplied  into  each  of  the  three  laft 
terms.  This  is  a material  circumftance  : for  the  fame  given  error 
would  affect  the  menfuration  of  the  fmaller  angles  in  a greater 
proportion  than  the  larger.  Moreover,  if  or  approxi- 

mates to  that  quantity,  the  index  then  pointing  to  an  angle 
nearly  =*  to  i 8o°,  the  firft  term  and  the  two  laft  terms  become 
almoft  evanefcent,  not  only  from  the  circumftances  that  have 


been  confidered,  but  from  the  quantities  1 — pz9  s/ 1 -f*,  which 
are  multiplied  into  them.  This  alfo  the  obferver  may  avail 
himfelf  of  : for  fuppofing  he  fhould  know,  that  the  angle  of  in- 
cidence on  the  fixed  fpeculum,  and  the  fixed  plane  of  reflection, 
are  imperfectly  adjufted,  and  even  that  the  divided  arc  is  incor* 
reft,  he  may  almoft  wholly  avoid  the  errors  which  they  would 
occafion,  by  fo  adjufting  the  inclination  of  the  refleftors 
to  the  plane  of  motion,  in  refpeft  of  the  angle  meafured,  that 


for  p in  the  third  term,  (p.  429.)  every  thing  elfe  remaining,  the  maximum  of 
variation  in  the  obferved  angle  on  account  of  3'  difference  ill  the  angle  of  inci- 
dence on  the  fixed  fpeculum  will  appear  to  be  ~ ".098. 

The  error  of  aft  obfervation  occafioned  by  a variation  c in  the  angle  of  inci- 
dence on  the  fixed  fpeculum,  can  never  exceed  the  t Part  O which  is  the 
maximum  of  error,  the  angle  meafured  being  rz  22'  56''  33"',  the  index 

then  pointing  to  70°  24'.  The  error,  catifed  by  a fmali  angle  d,  at  which 
the  fixed  plane  of  -refie&ion  is  inclined  to  the  primitive  fecondary  with  which  it 

fhould  coincide,  cannot  exceed  the  part  of  d , which  is  its  maximum 

when  the  angle  meafured  is  32'  33"  3'",  the  index  then  being  directed  to  109°  20'. 

L 1 1 2 the 
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the  index  fhall  point  to  fome  degree  near  to  180°,  which  is 
done  by  making  that  inclination  very  little  more  than  one- 
fourth  of  the  anode  to  be  obferved. 

O 

33.  The  tables  1.  and  11.  are  calculated  for  taking  the 
diameters  of  the  fun  and  planets  : the  conftrucrion  being  formed 
on  the  principles  which  have  been  explained  (art.  16.  17.  iS. 
31.  32.  fig.  12.  13.)  The  fixed  plane  of  reflection  is  coinci- 
dent with  the  primitive  fecondary,  and  confequentlv  n = o : 
the  common  inclination  of  the  refleftors  to  the  plane  of  mo- 
tion — 1 o'  ; and  the  conftant  angle  of  incidence  on  the  fixed 
fpecuium  = 70. 

TABLE  II. 
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The  divarication  of  the  images  while  they  traverfe  the  field 
of  the  telefcope  during  the  time  of  an  observation,  and  the 
errors  of  the  obferved  angle  in  confequence  of  any  change  in 
the  quantities  m * and  n (p.  429  ) fiaould  they  appear  to  be  of 
fenfible  magnitude,  may  be  diminifhed  until  they  are  in 
phyfical  fenfe  evanefcent,  by  altering  the  values  of  s and  m 
(art.  31.)  : for  this  purpofe  it  will  be  requifite  to  ufe  two  fie- 
parate  conftruciions  ; the  one  for  obferving  very  fmall  angles, 
thofe,  for  example,  which  do  not  exceed  A : and  the  other,, 
for  meafuring  fuoh  angles  as  are  fubtended  by  the  fun  and  moon. 
In  the  former  of  thefe  s may  be  alTumed  = the  fine  of  30'", 

m =-  fin.  70,  and  n — o.  From  thefe  data  tab.  in.  is  calcu- 

lated. In  the  other  conftrudlion,  becaufe  very  fmall  refieftinp' 
furfaces  are  neceflary  to  obferve  the  fun  by  two  reflections  (art. 
17.)  m may  be  affumed  — fin.  1%.  s being  = fin.  io',  and 

n = o : from  which  conditions  the  fourth  table  is  calculated. 

Thefe  tables  may  be  eafily  extended,  by  calculating  from  the 
value  of  cof.  ED  or  fin.  iED2  contained  in  art.  21.  or  22. 

* Let  the  telefcope  with  the  entire  confix udlion  be  headily  fixed  : then  if  the 
objects  obferved  be  in  contact  while  the  touching  points  occupy  the  center  of  the 
held,  the  angle  of  incidence  on  the  fixed  fpeculum  will  be  of  its  true  magnitude  ; 
that  is,  its  fine  or  m will  = fin.  70  in  tables  I.  II.  and  III. ; and  m.  ~ fin.  i°  in 
table  IV.  The  fixed  plane  of  reflection  alfo  will  be  coincident  with  the  primitive 
fecondary  in  all  the  conftrudtions  correfponding  to  tables  I.  II,  III.  and  IV.  The 
telefcope  continuing  unmoved,  the  diurnal  motion  of  the  heavens  will  caufe  the 
points  in  contact  to  leave  the  center  of  the  held;  this  willoccahon  no  alteration  in 

the  quantities  s and  p,  but  will  affedt  m and  n only  : therefore,  s an  dp  zr  o.  To 
eftimate  the  effects  of  this,  change  in  the  values  of  m and  n,  let  mzzc  xV ' 1 — 

and  nzidx^i—n2,  as  in  art.  ^8.  andfuppofe  aline  to  be  drawn  through  the  centre 
of  the  held  in  a plane,  perpendicular  to  the  plane  of  motion  : this  line  will  be  in  the 
hxed  plane  of  reflection ; and  any  deviation  of  the  points  in  contact  through  a 

fmall  angular  fpace  r,  from  the  center  of  the  held  will  caufe  an  equal  variation  c in. 

the. 
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the  angle  of  incidence  on  the  fixed  fpeculum  j the  correfponding  reparation  of 
the  images  will  tag?*”*  * ^(P-  4=9-)  which  is  the  greateft  poftlble 


V i - ?nl  -f  rnzf 


when  p 


q — - iom+mL'---  3-  yn  _ 
~~  Iff? 


fine  of  35 


0 11'  47"  (;r 


if  m 


fm.  7% 


as  ;n 


and  s = fin. t o',  asin  tab.  I.  and  IT.)  being  then  = — , but  if  r^fin.  30", 

tab.  III.  the  greateft  reparation  will  be  only  JL-,  correfponding  to  lefs  than  one- 

third  of  a decree  for  the  images  motion  through  to'  in  the  field  of  the  telefcope. 
In  like  manner  let  a line  be  drawn  through  the  center  of  the  field  perpendicular  to  the 

line  before  defcribed,  any  deviation  of  the  points  in  contact  through  a finall  angle 

/in  the  direaion  of  this  line  will  caufe  the  plane  of  refleaion  at  the  fixed  fpeculum 
to  be  inclined  to  the  primitive  fecondary  with  which  it  Ihould  coincide  at  an  angle  _ 

• 4.mpzs‘e  xV'i-fxv'i-f* 

1.  this  will  occafion  a reparation  of  the  images  _ —======- 


rn 


rn  -\-m~p 


{page  429.  L being  there  fubftituted  for  d)  which  is  the  greateft  polfible  when 
^ If  m-  fin.  70  and  s - fin.  10',  as  in  tab.  I.  and  II. 


4 m 


d 


the  greateft  reparation  of  the  images  will  be  — ig^  I+g9(,  * but  ,f  1 C“’  J 

, ttt  • mi  — e - ^ — , which  anfwers  to 

and  m=fin*  7°,  as  in  tab.  IH.  it  will  only  - 2mio 

a divarication  of  lefs  than  l'"  for  the  images  motion  through  10'  in  the  field 

”f  the  telefcope,  in  the  direflion  of  the  line  above  defcribed,  which  is  drawn 

though  the  center  of  the  field,  and  perpendicular  to  the  fixed  plane  of  reflexion. 

It  muft  be  remembered,  that  the  legations  of  the  images  here  elated  are 

greater  than  can  poffibly  happen  in  thefe  conftniftions,  when  t e in 

direaed  to  any  other  points  of  the  circumference  of  the  plane  of  motion i(*e 

difiance  of  the  images  from  the  center  the  field  not  exceeding  ro  ) are, 

even  in  this  cafe,  phyfically  fpeaking,  evanefcent. 
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XXVII.  An  Account  of  the  Ophidium  barbatum  linnei.  By 
P.  M,  Auguftus  Brouflbnet,  M.  D.  ; communicated  by  Sir 
Jofeph  Banks,  Bart . P . R . 8. 

Read  July  5,  1 y 8 1 . 

^ f^HlS  fpecies  of  fifh  feems  not  to  have  been  unknown  to 
A the  ancients,  though  probably  they  confounded  it  with 
the  Conger , to  which  it  bears  fome  refemblance.  Perhaps  the 
early  Greek  and  Latin  writers  on  natural  hiftory  have  men- 
tioned it  under  the  name  of  Tragus,  or  Callarias  ; but  for  want 
of  defcriptions,  they  left  us  much  in  the  dark  concerning  it. 
pliny  indeed  fpeaks  of  a fifh  which  appears  to  be  of  this  fpe- 
cies : he  calls  it  Ophidion  and  as  that  is  the  name  given  to  it 
by  all  the  modem  writers,  we  are  obliged  to  accept  his  fyno- 
nymy  without  further  inquiry. 

The  firft  author  to  whom  we  are  indebted  for  a defcription 
and  figure  of  the  Ophidium  is  bellonius  ; yet  it  appears,  that 
he  was  not  certain  of  the  name  of  this  fifh,  fince  he  calls  it 
Gryllus , jalfo  congrus , tragus , afeiii  fpecies : nor  was  he  lefs 
doubtful  of  the  clafs  to  which  he  fihould  refer  it,  and  there- 
fore placed  it  among  the  Afeiii , or  Gadi , though  very  dif- 
ferent from  jthe  fpecies  of  that  family,  rondeletius,  who 
wrote  foon  after  bellonius,  has  given  us  a better  defcription, 
and  a more  accurate  figure  of  this  fifh,  which  he  calls  Ophidian, 

* Ophidion  or  Ophidium,  though  the  beft  is  Ophidium,  is  not  a good  generic 
name,  iince  it  is  a diminutive  from 

3 with 
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with  a reference  to  pliny.  In  the  figure  of  bellonius  the 
cirri  are  very  ill  reprefented,  and  the  whole  fifh  appears  with- 
out any  fpots,  whereas  in  the  plate  of  rondeletius  it  is 
covered  with  oblong  fpots.  This  remarkable  difference  be- 
tween the  figures  of  thefe  authors  was  Sufficient  to  determine 
gesnerus,  and  others  who  have  written  fince  their  time,  and 
who  are  to  be  confidered  rather  as  compilers  than  authors,  to 
take  the  fifh  described  by  bellonius  to  be  a different  fpecies 
from  that  of  rondeletius. 

. ' lv  u i : • x *./  % .... 

Willoughby,  who  is  the  firft  ichthyologist  who  has -given  us 
any  good  defcription  of  fifh,  treats  largely  of  the  Op  hi  alum ; and 
in  his  account  defcribes  the  fcales,  which  ar^,  as  we  fhall  here- 
after explain,  oblong,  diftinft,  and  difpofed  without  any  regular 
order.  This  defcription  was  fufficient  to  afcertain,  that  the 
difference  between  the  figures  arofe  from  rondeletius  hav- 
ing drawn  the  fcales  omitted  by  bellonius  : yet  the  authors 
who  wrote  immediately  after  Willoughby,  and  particularly 
ray  in  his  Synopfis,  follow  gesnerus,  in  maintaining  two 
different  fpecies  of  cirrata  Ophidia , one  with,  the  other  with- 
out, fpots. 

ARTEdi  did  not  take  notice  of  the  fpots;  he  defcribes  the 
fifh  in  a germs  to  which  he  gives  the  name  of  Ophidian , and 
places  that  genus  among  the  Malacopterygii . After  him  klei- 
nius  once  more  took  notice  of  the  fpots  ; but  at  the  fame 
time  introduced  another  confufion  concerning  this  fifh,  arifing 
from  rondeletius  having  faid,  that  it  has  two  cirri,  while 
Willoughby  afferts  it  has  four ; but  it  is  eafy  to  reconcile 
thefe  authors,  for  though  the  Ophidium  has  only  two  cirri,  yet 
each  of  thefe  being  divided  in  two,  they  appear  as  four ; fo 
that  Willoughby  might  juftly  fay,  that  it  is  quadri-cirratus. 
The  fame  author  places  the  Ophidium  in  a genus  which  he  calls 

Vgl.  LXXI.  M m m Enchelyopus , 
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Enchelyoptis , which  is  indeed  not  a good  Family,  fince  it  com- 
prehends the  genera  of  Gymnotus , Anarrhichas , CepoJa , ZJ/eT/- 
Cob  lit  s , &c. 

linne  in  his  defcription  of  the  Ophidium  barb  at  urn  fays, 
that  its  whole  body  is  covered  with  oblong  fpots,  without  any 
regular  direction.  Dr.  gouan,  in  his  defcription  of  the  genus 
of  the  Ophidium,  does  not  mention  the  fcales;  but  gives  the 
fpots  as  a generic  character.  The  laft  author  who  has  men- 
tioned thefe  fpots,  and  given  a defcription  of  this  fifh,  is  Mr. 
brun niche  in  Ins  Ichthyologia  MaJJilienJis . 

Having  adduced  the  various  opinions  of  the  writers  on  th tOphi- 
dium^  and  endeavoured  to  reconcile  their  fentiments,  we  now  pro- 
ceed to  give  the  defcription  of  this  fifh,  which  is  fo  very  remarkable 
for  its  Angularities.  The  genus  of  Ophidium  has  the  following 
principal  characters,  viz . the  body  long;  the  fins  of  the  back, 
tail,  and  anus,  confounded  in  one;  no  fin  on  the  under  part  of 
the  body  ; and  the  eyes  covered  by  the  common  Ikin.  There' 
are  befides  many  other  characters  which  it  is  needlefs  to  obferve 
here,  fince  I intend  not  to  defcribe  all  the  fpecies  of  the  genus, 
but  only  to  mention  them.  The  firft  fpecies  (which  is  the 
fpecies  of  which  we  are  treating)  is  diftinguifhed  by  its  cirri. 
The  fecond  differs  from  the  former  not  only  by  the  abfence  of 
the  cirri,  but  alfo  by  many  other  marks,  artedi,  in  his 
account  of  this  fpecies,  has  adopted  the  fynonymy  of  schone- 
velde,  who  defcribes  a fifh  under  the  name  of  Ophidian  irn - 
berbe  jiavum ; but  this  fifh,  which  is  the  Blennius  gunnellUs 
linn,  is  certainly  very  different  from  the  Ophidian  imberbc , 
linn,  the  rays  of  its  dorfal  fin  being  prickly;  which  circum- 
ftance  perhaps  induced  linne  to  place  the  Ophidium  among 
the  Acanthopterygii  in  the  firft  editions  of  his  Syftema,  in  which 
he  followed  the  claffificafion  of  artedi.  Perhaps,  for  the 
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fame  reafon,  that  author  has  placed  among  the  Jugulares  in  his 
Fauna  Suecica , the  fpecies  of  which  we  are  now  fpeaking. 
This  fifh  is  alfo  very  different  from  the  Sea  [nail  defended  by 
WILLOUGHBY  and  petiver,  which  is  the  Cyclopterin  Upparis 
linn,  though  the  fynonymy  of  petiver  has  been  accepted 
by  gronovius  as  being  the  Ophidium  imberbe  L 

linne,  in  the  tenth  edition  of  his  'Syftema,  mentions  a third 
fpecies  of  Ophidium , which  he  calls  Macrophthalmum ; but 
afterwards  difeovered  that  this  fpecies  belonged  to  the  genus 
of  Cepola . It  is  another  fpecies  of  this  genus  which  otho 
f abricius  has  lately  deferibed  in  his  Fauna  Groenlandica , under 
the  denomination  of  Ophidium  viride . There  are  two  other 
fifties,  of  which  gronovius  made  anew  genus,  afiigning  to  it 
the  name  * of  Majlacembelus , which  comes  near  to  the  genus  of 
Ophidium , though  I am  perfuaded  it  conftitutes  a different 
one  by  the  prefence  of  the  aculei  on  the  back.  I fliall  now 
proceed  to  give  a defeription  of  that  fpecies  of  which  I am 
particularly  treating,  which  I have  written  in  Latin  for  the 
fake  of  perfpicuity. 

DE  SCRIP  TIO 
O P H I D I I BARBATI  linn. 

B.  7.  D.  1 24.  P.  20.  V.  o.  A.  1 1 5.  C.  — — . 

CAPUT  comprefliim,  fub-acutum,  nudum,  cute  cornmuni 
laxe  tedium. 

Ridius  amplus. 

Mandibula  fuperior  duplicata,  inferiore  paulo  Ion- 
gior. 

♦ The  fifh  mentioned  by  Mr.  pennant,  in  the  Britifli  Zoology,  tom.  III. 
append,  p.  346.  and  engraved  in  the  tab.  93.  tom.  II.  under  the  name  of  Ophidium. 
imberbe  linn,  is  a fpecies  of  Mur  ana. 

M m m 2 
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Labia  cutacea,  tenuia. 

Dentes  in  utriufque  maxillae  margine,  in  aream  an- 
guftam  antice  latiufculam  difpofiti,  minuti,  acuti, 
conferti,  anteriores  paululum  majores. 

Lingua  fubobtufa,  glabra. 

Palatum  medio  glabrum,  antice  areis  tribus  denticu- 
lorum  exafperatum,  quarum  duae  laterales  lineares, 
intermedia  fubtriangularis. 

Fauces  fuperne  exafperataeduabus  areis  longitudinalibus 
denticulorum. 

Narium  foramina  utrinque  bin  a,  ante  oculos  pofita, 
diftantia;  foramine  anteriore  minore,  pofteriore  nudo* 

Oculi  fupremi,  vicini,  magni,  cute  communi  tefti : iris 
argentea ; pupilla  lutefeens. 

Opercula  branchiarum  cute  communi  tecta,  rotundata 
polyphylla,  mollia. 

Membrana  branchiojlega , cute  communi  tedta,  radiis 
fubaequalibus. 

Bran  chi  a quaternae  ; tres  interiores  parte  concava  ge- 
runt  tubercula  afpera,  feparata,  in  duas  feries  dif- 
pofita ; quarta  ceteris  longior,  latere  interno  gerit 
tubercula  afpera,  externo  radios  uno  latere  laeviter 
ferratos. 

Cirri  duo  ad  apicem  maxillae  inferioris,  bipartiti ; 
lacinia  altera  longiore. 

Luberculum  fubacutum,  feu  apophyfis  oflea  tedta,  re** 
cumbens,  ante  oculos  in  fronte  pofita. 

CORPUS.  Compreffum,  verfus  caudam  attenuatum. 

, Lima  lateralis  fuprema,  lasvis,  dorfo  parallel,  vitta 
argentea  fubtus- ornata. 

Squamce  obovatae,  tedtae,  umbonatae,  feparatae. 
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Pinna  dorfalis  longa  * anali  longior  fed  anguftior, 
cum  caudali  contmuata,  bafi  fordide  albefcens,  mar- 
gine  nigra,  e puncHs  plurimis  nigris : Radii  firm 
plices-,  flex  lies,  molies. 

Pinnae  pectorals s obovatas,  pellucidas,  membrana. 
punctis  mmutifiimis  irrorata. 

Pinna  analis  caudali.  unita,  bafi  albefcens,  margin©, 
nigra,  radiisfimplicibus. 

Pinna  caudalis  nigra,  apice  obtufiu. 

Color  capitis  et  corporis  carneo-argenteus. 

Lc.  : A : : 85  : 35  Lc.  : PI  ::  85  : 15 

Lc.  : DI  ::  85  : 27  Lc.  : PF  ::  85  : 22 

Lc.  : DFCFAF  ::  85  : 87  Lc.  : AI  ::  85  : 37 

r-5t*  P.  2.  D.  2.  3.  4.  5.  6.  A.  3.4.  5.  6. 

Before  I proceed,  I think  it  necefiary  to  explain  the  propor- 
tional meafu res  which  I employed  in  the  foregoing  defcriptiom 
artedi  confidered  the  meafurement  of  fifties  as  necefiary  to 
render  the  defcription  of  them  perfect ; and  therefore  in  the 
fpecies  which  he  defcribed  moft  completely,. we  find,  he  did  not 
fail  to  exprefs,  with  the  greateft  accuracy,  the  diftances  between 
the  feverai  parts.  He  has  been  fallowed  in  this  by  the  beft 
authors  who  have  written  upon  fifties,  as  gronovius  and 
Pallas.  The  like  practice  has  been  followed  by  fome  writers 
in  defcribing  animals  of  other  clafies ; and  particularly  by  Mr.' 
daubenton*  who  has,.  with  extraordinary  exaftnefs,  exprefied 
the  meafurements  of  quadrupeds.  The  ufe  of  this  meafure- 
ment, however,  can  only  afcertain  that  fucli  or  fuch  individual 
is  larger  or  lefs  than  another  defcribed  by  an  author : for  it  is 
impoffible  by  fuch  means  to  determine  a fpecies,  and  therefore 
a fingle  meafurement,  taken  from  the  head  to  the  tail,,  or  in 
* Pinna.mi.hi  audit  longa,  c.ujus  balis  longitudine  excedit  radium  altiorem. 

ftiort 
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fhort  from  any  one  part  to  another,  would  anfwer  the  fame 
purpofe ; but  if  you  take  the  terms  of  the  meafures,  and 
compare  them  one  with  another,  or  all  of  them  to  a Angle 
one,  a method  may  be  deduced  for  determining  the  fpecies,  and 
defcribing  each  with  accuracy,  and  that  is  the  method  which 
I ufed. 

There  is  no  doubt  that  fi flies  have  a regular  growth,  and  that 
all  their  parts  have  a proportional  increafe : it  is  therefore  of 
no  confequence  whether  the  meafure  be  taken  from  an  old 
or  a young  fubjeft,  it  will  be  always  of  the  fame  ufe  for 
determining  the  fpecies.  The  term  to  which  I refer  all  the 
reft,  is  taken  from  the  diftance  between  the  apex  of  the 
upper  jaw,  and  the  bafis  of  the  fin  of  the  tail.  The  extremity 
of  the  upper  jaw  is  the  point  from  which  I take  the  dif- 
tance to  all  the  other  parts.  To  determine  w7ith  more  accuracy 
the  junftion  of  the  fin  to  the  tail,  I incline  the  fin  fo  as  to 
form  an  angle  with  the  tail ; 1 take  the  diftances  with  a pair  of 
compafles,  to  avoid  the  irregularities  of  the  furface  of  the  body, 
which  are  infinitely  various.  When  I have  taken  the  diftance 
with  the  compafles,  I make  a reference  to  a rule,  which  is 
divided  in  Englifli  inches,  each  of  them  fub-divided  in  tenths. 
To  exemplify  my  practice  in  a fifti  of  the  fuppofed  length  of 
40  lines  from  the  upper  jaw  to  the  tail,  and  from  the  fame 
point  to  the  anus  of  20  lines,  I fay,  that  the  diftance  from  the 
head  to  the  tail  compared  with  the  diftance  from  the  head  to 
the  anus  is  in  this  fpecies  as  40  to  20,  which  I exprefs  in 
this  manner:  Lc.  : A ::  40  : 20,  which  I thus  reduce, 

Lc.  : A ::  10  : 5.  I then  take  the  length  from  the  upper  ja\v 
to  the  beginning  of  the  dorfal  * fin,  and  to  its  end  : next  from 

* I meafure  the  dorfal  and  anal  fins  at  their  bafis,  never  in  their  margin. 
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the  fame  point  to  the  bafis  of  the  pe&oral,  to  its  extremity  ; and 
in  the  like  manner  for  the  ventral',  anal,  and  tail  fins ; all 
which  meafures  I refer  to  the  common  term  40.  Admitting 
then  the  dcrfal  fin  is  diftant  from  the  upper  jaw  as  ten,  I write 
as  before  LC  : I>I  ::  40  : 10,  which  1 reduce,  if  I chufe  fo* 
Le.  : DI 20  : 5. 

I take  the  meafures  in  length  only,  and  never  in  breadth  or 
depth,  becaufe  fuch  meafures,  on  many  accounts,  for  inftance, 
from  the  quantity  of  fpawn,  from  that  of  food  in  the 
ventricle,  &c.  would  be  uncertain  ; befides  there  are  terms 
enough  afforded  by  the  fituation  of  the  anus  and  the  fins. 
I pay  no  regard  to  the  meafure  of  the  noftrils,  of  the  eyes, 
&c.  as  thefe  parts  lie  too  near  the  extremity  of  the  upper 
jaw  to  admit  of  a fufficient  accuracy  in  their  meafure.  All 
thefe  diftances  are  written  in  the  fhortefi;  manner  poffible ; I 
therefore  do  not  go  into  the  inquiry  what  clafs  of  the  l in- 
ntean  fyftem  the  fifh  defcribed  may  belong  to ; or  whether 
the  anal  fin  is  before  or  behind  the  region  of  the  dorfal ; whe- 
ther the  pedtoral  are  extended  beyond  the  ventral ; or  the  tail 
is  forked  or  not ; and  many  other  particulars  which  could  not 
be  expreffed  but  by  a very  long  dbfcription,  tedious  both  to  the 
writer  aiid  reader. 

To  make  an  application  of  the  proportional  meafurements, 
I fuppofe  a fifh,  of  a ipecies  defcribed,  to  be  in  length  40  lines, 
and  from  the  upper  jaw  to  the  anus  10  ; I take  a fpecimen 
which- 1 fufpe£t  to  be  of  the  fame  fpecies,  but  which  I wifh  to 
determine  with. certainty  : the  length  of  it  is  20  lines ; then  I 
fay  40  is  to  10  as  20  is  to  another  term,  which  I difcover  by 
multiplying  20  by  10,  and  dividing  the  product  by  40,  which 
will  produce  5,  the  number  of  the  lines  comprehended  • be- 
tween the  upper  jaw  and  the  anus,  if  the  fifh  be  of  the  fpecies 

it 
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it  is  tlioiight  to  be,  I proceed  in  the  like  manner,  in  compar- 
ing tlie  terms  , of  the  meafures  of  the  other  parts;  b.ut  the 
utility  of  thete  meafures'  is  very  apparent  in  the  diftinguifhing 
of  the  Species  of  Tome  genera  which  are  fo  natural  as  that  of 
Cyprians,  Clupea , and  many  others,  of  which  the.fpecies  could 
not  be  otherwife  eafily  diftinguifhed.  I (hall  inftance  a fpecies 
of  Perea  deferibed  in  the  Comment  aril  Petrdpdirani  under  the 
name  of  Perea  acerina , by  Mr.  gueldenstaedt,  which 
could  not  have  been  diftinguifhed  from  the  Perea  cernua  but 
by  the  proportional  meafures ; fin ce  the  Cernua  has  the  body 
about  three  times  longer  than  the  head,  whereas  the  Acerina 
has  it  but  twice  as  long,  thouglmby  the  other  characters  £ney 
are  almoft  indiftinguifhable. 

To  exprefs  the  pofition  of  the  fins  briefly,  and  with  all  pof- 
iible  accuracy,  which,  however,  I think-may  be  very  welhun- 
derftood  by  the  deferibed  meafures,  I take  the  diftance ; from 
the  upper  jaw  to  the  bafis  of  the  pedtoral  fin,  and  then.  fee. info 
how  many  equal  parts  the  whole  body  may  be  divided,  and  to 
thefe  parts  I apply  the  name  of  regions.;  I meafure.  them  to 
the  extremity  of  the  middle  of  the  fin  of.  the  tail,  and  I 
exprefs  the  pofition  of  the  fins  as  follow : D.  3.  4.  A.  3.  V.  2. 
P*  2.  the  letters  being  the  initials  of  the  fins,  and  the  numbers 
of  the  regions,  the  firfi:  being  from  the  head  to  the  pe&oral 
fin 

The  feales  of  the  Ophiditim , which  have  been  figured  by 
rondel e this,  but  overlooked  by  many  other  writers,  have 

* I beg  pardon  for  the  digreffion  ; but  I thought  it  would  not  be  improper  in 
this  place  to  obferve,  that  the  utility  of  this  method  of  measurement  will  appear 
not  only  in  diftinguifliing  fifties,  but  alfo  animals  of  other  clafles,  and  particu- 
larly fnakes,  which  cannot  be  well  determined  otherwife.  Belides,  I do  not 
know  any  author  on  fubje&s  of  natural  hiftory,.  who  has  adopted  that  method. 
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been  mentioned  by  Willoughby,  but  without  any  particular 
defcription.  They  are  very  different  from  thofe  on  the  Ikin  of 
the  Ophtdium  imberhe , which  are  fhortly  defcribed  by  grono- 
vius.  Their  pofition,  as  may  be  feen  in  the  figure,  is  irre- 
gular. They  are  difperfed  over  the  whole  body.  Their  form 
is  fometimes  round,  fometimes  nearly  oval.  They  are  larger 
near  the  head,  and  in  the  lower  part  of  the  body  ; but  are  hardly 
to  be  difiinguifhed  near  the  tail.  They  adhere  to  the  body  by 
means  of  a particular  tranfparent  Ikin,  which  is  in  general 
very  thin,  but  fomewhat  thicker  near  the  neck,  and  extended 
loofely  over  the  whole  head  : this  ikin  is  very  eafily  deftroyed', 
after  which  the  fcales  falling,  the  body  appears  fpotted  (fig.  1 .), 
Thefe  fcales  are  of  the  fame  fort  as  thofe  that  Leeuwenhoek 
has  defcribed  on  the  eel,  like  thofe  I have  feen  on  the  Anarrhl - 
chas  lupus , the  Blennius  viviparus , and  many  other  fifties,  which 
are  commonly  thought  to  be  without  fcales.  When  you  look  at 
them  with  the  naked  eye  (fig.  2.)  they  appear  as  covered  with 
very  fmall  grains ; but  viewed  through  a microfcope  (fig.  3.) 
the  middle  of  them  appears  more  elevated  than  the  margin ; and 
from  the  center  to  the  margin,  clofe  by  each  other,  there  are 
many  lines  or  rays,  formed  by  fmall  fcales  placed  one  upon 
another,  like  tiles  upon  a roof,  the  fuperior  being  always  the 
nearer  to  the  center.  This  fort  of  fcales,  which  may  be  called 
umbonattf,  are  faftened  to  the  body  by  very  fmall  veffeis  which 
are  inferred  in  their  middle  ; they  are  to  be  feen  on  the  body 
only,  not  on  the  head  nor  the  fins.  - 

1 (hall  now  proceed  to  the  anatomy  of  this  fifti,  which 
certainly  comprehends  fome  very  remarkable  cir.cuxnftances, 
which,  I believe,  have  not  yet  been  obferved  in  any  •other 
fpecies.  When  we  have  drawn  off  the  Ikin  there  appears  a thin 
membrane  of  a filver  colour,  which  covers  the  mufcles.  The 
Vol.  LXXI.  N n n mufcles 
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mufcles  being  removed,  we  find  the  peritoneum,  which  lines  the 
abdominal  cavity,  and  is  adherent  to  the  fwimming  bladder  by. 
fome  elongations.  It  is  of  a filver  hue,  with  fome  very  fmall 
black  points.  The  ventricle  is  not  to  be  diftinguifhed  from  the 
inteftines  by  any  other  mark  but  by  its  iize  : its  form  is  ob-  ' 
long  ; it  is  extended  almoft  to  the  anus,  from  whence  the 
inteftinal  dudl  has  a retrograde  courfe,  and  then  defcends 
again,  having  a little  dilatation  near  the  anus.  On  the  vertebras 
next  the  anus  on  the  outiide  of  the  peritoneum  is  a kind  of 
cavity  of  an  oblong  form,  containing  a reddilh  vifcus,  which  I 
take  to  be  the  kidney. 

The  firft  vertebra  from  the  head  has  nothing  very  remarkable 
in  its  ftructure.  The  fecond  has  on  each  fide  an  elongated  andv 
fharp  apophyfis,  to  the  apex  of  which  is  annexed  a fmall  liga- 
ment. The  third  is  very  flat,  and  has  on  each  fide  a kind  of 
triangular  and  fharp  apophyfis,  to  which  adheres  a ligament  as 
to  the  fecond.  The  fourth  is  remarkable  in  having  a fharp 
apophyfis  on  each  fide,  articulated  with  the  body  of  the 
vertebra,  and  linder  each  of  them,  is  another  articulated  apo- 
phyfis, flattifh,  thick,  roundifh  at  its  extremities,  and  forked 
at  its  balls  (fig.  5.).  The  fifth,  which  is  ftrpngly  adherent 
to  the  former,  has  in  its  middle  a bifid  procefs.  The  fixth, 
has  in  its  middle  a flattifh  elevation,  fharp  on  each  fide. 

!'.■  r..  ]'  : - •;  ; : • •;  , j v:  . r 

Between  the  extremity  of  the  larger  apophyfis  of  the  fourth 
vertebra,  is  a bone,  or  rather  a hard  cartilage,,  which  . bears  the 
figure  of  a kidney  (fig.  6.)  its  convexity  being  turned  towards 
the  body  of  the  vertebra  v its  pofition,  is  parallel  to  the  bodies  of 
the  vertebrae;,  its  motion  is  half  circular one  of  its  parts, 
the  loweft,  being  in  the  cavity  of  the  fwimming  bladder, 

*>  which  it  adheres  by  a thin  membrane,  fo  that  no  air  can 
efcape  at  that  part.  It  is  covered  by  membranes,  which  adhere 
(ftiongly  to  its  middle,  in  this  part  are  faftened  the  two  liga- 
ments 
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meats  of  the  apophyfis  of  the  fecond  and  third  vertebras,  bi ' 
which  we  fpoke  before,  and  which  are  of  a great  tenuity.  In 
the  fame  point  are  faftened  alfo  two  ligaments  each  of  which 
belongs  to  an  oblong  mufcle  parallel  to ' each  other,  and  fixed 
to  the  bones  of  the  lowed:  and  pofterior  part  of  the  head  (fig. 

4-)- 

All  this  appaiatus  is  certainly  fubfervient  to  the  purpofe  of 
fwimming,  I fuppofe,  by  the  cavity  of  the  bladder  being  made 
larger  or  lefs  by  the  motions  of  the  cartilagineous  bone;  but  it  is 
very  remarkable*  that  if  thefe  parts  are  neceffary  to  fome  anithaf 
function,  they  fhould  not  be  found  in  all  the  individuals  ; for  I 
have  feen  two,  of  which  the  vertebrae  were  not  different  from 

s t /* esc \ (\  nf l i ^rriVnil  P3i  * : 

the  vertebra  of  the  other  fpecies : which  difference  depends* 
perhaps,  on  the  difference  of  fex.  I am  inclined  to  believe  fo  ; 
but  the  generation  in  this  fifh  feems  to  be  no  lefs  myfterious 
than  that  of  the  eel : I could  netfpr  diflirfguim  a male  from  a 
female  in  this  fpecies.  I do  not  know  if  the  other  fpecies  of 
Ophidium  have  the  fame  ftru&ure;  I could  not  perceive  if  in 
fome  fpeclmens  of  Majlacembelus.  Willoughby  mentions  that 
lingular  ftru&ure,  but  without  any  particular  defeription. 

This  fifh  commonly  grows  to  the  fize  of  eight  of  nine 
inches.  It  is  to  be  found  iii  all  the  Mediterranean  Sea,  and 
in  great  plenty  in  the  Adriatic.  It  is  taken  by  nets  in  Provencd  _ 
and  Languedoc,  together  with  many  other  fmall  fpecies,  which 
are  not  efteemed,  that  is,  what  they  call  Ravailld . It  is  often 
confounded  with  the  Cepola  by  the  fifhermen,  though  they  have 
different  names  for  each  fpecies.  In  Languedoc  the  Ophidium  is 
called  Donzella , and  the  Cepola , jlammd . In  Provence  tjie  for- 
mer has  the  name  of  Corrudgiab,  and  the  latter  that  of  Rougebl/d . 
But  the  name  of  Dmzelld , very  common  on  all  the  coaft  of  the  , 
Mediterranean,  is  alfo  applied  to  the  Cepola , and  th<i  Spar  us  pills 
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linn,  which,  however,  is  commonly  called  girella.  In  fum- 
mer  the  ophidium  is  more  common : its  flefh  is  not  of  a good  tafte, 
rather  coarfe,  as  that  of  all  the  fpecies  of  filhes,  which  hav- 
ing no  ventral  fins,  are  obliged  to  make  great  efforts  in  fwim- 
ming,  and  have  confequently  the  mufcles  harder.  The  want 
of  ventral  fins  induces  me  to  believe,  that  it  is  not  a migratory 
fpecies.  It  feeds  upon  fmaii  crabs  and  filhes.. 


Ophidium  barbatum  Litm. 
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XXIX,  A further  Account  oj  the  Ufefulnefs  of  wajhtng  the 
Stems  of  Trees.  By  Mr,  Robert  Marfham,  of  Stratton, 

F.  R.  S. 


Read  May  31,  1781. 

THE  following  account  is  a kind  of  poftfcript  tp  my 
letter  to  Dr.  moss,  Lord  Bifhop  of  Bath  and  Wells,  in 
1 775,  which  the  Royal  Society  did  me  the  honour  to  publifh 
in  the  Philofophical  Tranfaftions  in  1777*  In  that  I (hewed 
how  much  a Beech  Increafed  upon  its  ftem  being  cleaned  and 
wafhed  * ; and  in  this  I (hall  (hew,  that  the  benefit  of  cleaning 
the  ftem  continues  feveral  years  : for  the  Beech  which  I wafhed 
in  1775  has  increafed  in  the  five  years  fince  the  walhing  eight 
inches  and  fix-tenths,  or  above  an  inch' "and  feven-tenths  yearly ; 
and  the  aggregate  of  nine  unwafhed  Beeches  of  the  fame  age 
does  not  amount  to  one  inch  and  three-tenths  yearly  to  each 
tree.  In  1776  I wafhed  another  Beech  (of  the  fame  age,  viz. 
feed  in  1741)  ; and  the  increafe  in  four  years  fince  the  wafhing 
is  nine  inches  and  two-tenths,  or  two  inches  and  three-tenths 
yearly,  when  the  aggregate  of  nine  unwafhed  Beeches  amounted 
to  but  one  inch  and  three-tenths  and  a half.  In  1776  I wafhed 
an  Oak  which  I planted  in  1720,  which  has  increafed  in  the 
four  years  fince  wafhing  feven  inches  and  two-tenths,  and  the 

* Vide  Phil.  Tranf.  vol*  LXVII.  for  the  ye« ir  1777,  parti,  p.  12. 
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aggregate'  of  three  Oaks  planted  the  fame  year  ( viz.  all  I mea- 
fured).amounted  to  but  one  inch  yearly  to  each  tree.  In  1 779 
B wafned  another  Beech  of  the  fame  age,  and  the  Increafe  in 
•1780  was 'three  inches,  when  the  aggregate  of  fifteen  unwafhed 
Beeches  was  not  full  fifteen  inches  and  fix-tenths,  or  not  one 
.inch  and  half  a tenth  to  each  tree;  yet  moft  of  thefe  trees 
.grew  on  better  land  than  that  which  was  wafhed.  But  I appre- 
hend the  whole  of  the  extraordinary  increafe  in  the  two  laft 
experiments  fhould  not  be  attributed  to  wafhing : for  in  the 
autumn  of  1778  I had  greafy  pond-mud  fpread  round  fome 
favourite  trees,  as  far  as  I fuppofed  their  roots  extended,  and 
although  feme  trees  did  not  fhow  to  have  received  any  benefit 
from  the  mud,  yet  others  did,  that  is,  an  Oak  increafed  half  an 
inch,  and  a Beech  three-tenths,  above  their  ordinary  growth. 
Now  though  the  Beech  gained  but  three-tenths,  yet,  perhaps, 
that  may  not  be  enough  to  allow  for  the  mud  ; for  the  fummer 
of  17.79  was  the  moft  ungenial  to  the  growth  of  trees  of  any 
fince  I have  meafured  them,  feme  not  gaining  half  their  ordi- 
nary growth,  and  the  aggregate  increafe  of  all  the  unwafhed 
and  unmudded  trees  that  I meafured  (ninety-three  in  number  of 
various  kinds)  was  in  1779  but  fix  feet  five  inches  and  feven 
tenths,  or  feventy*feven  inches  and  feven-tenths,  which  gives 
but  eight-tenths  and  about  one-third  to  each  tree;  when 
in  1778  (a  very  dry  fummer  in  Norfolk)  they  increafed 
ieven  feet  and  nine-tenths,  or  near  eighty-five  inches,  which 
gives  above  nine-tenths  to  each  trSfe  : and  this  fummer  of 
1780  being  alfo  very  dry,  yet  the  aggregate  increafe  was 
above  half  an  inch  more  than  in  1778.  But  the  beft  in- 
creafe  of  thefe  three  years  is  low,  as  there  are  but  twenty  of 
the  ninety-three  trees  that  were  not  planted  by  me,  and 
greater  increafe  is  reafcnably  expe&ed  in  young  than  old  trees ; 
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yet  I have  an  Oak  now, two  hundred  years  old*  (1780)  which 
is  fixteen  feet  and  five  inches  in  circumference,  or  one  hundred 
and  ninety-feven  inches  in  two  hundred  years.  But  this  Oak 
cannot  properly  be  called  old.  The  annual  increafe  of  very 
old  trees  is  hardly  meafurable  with  a firing,  as  the  flighteft 
change  of  the  air.  will  affeft  the  firing  more,  than  a year’s 
growth.  The  large  ft  trees- that  I have  meafured  are  fo  far  from 
me,  that,  I have  had  no  opportunity  of  meafuring  them  a fe- 
cond  time,,  except  the  Oak  near  the  honourable  Mr.  legge’s 
Lodge  in  Holt  Foreft,.  which  does  not  (how  to  be.  hollow.  In 
175.9  I found' it  was  at  feven  feet  (for  a large  fwelling  rendered 
it  unfair  to  meafure  at  five  or  fix  feet)  a. trifle  above  thirty-four 
feet  in  circumference,  and  in  1778  I found  it  had  not  increafed* 
above  half  an  inch  fin  nineteen  years*  This  more  entire  remain  > 
of  longevity  merits  fome  regard  from  the  lovers  of  trees,,  as 
well  as  the  hollow  Oak  at  Cowthorp in  Yorklhire,  which  Dr.; 
hu n t Ejt  gives  an  account  of  imhis  edition  of;  Evelyn’s  Sflya, 
and  calls  it  forty-eight  feet  round  at  three  feet.  Ididnotnaea- 
fur.e  it  lb  low ;;  but  in  176811  found  it  at. four  feet,  forty  feet 
and  fix.  inches  and  at  five  feet,  thirty- fix  feet  and  fix  inches ; . 
and  at  fix.  feet,  thirty-two  feet  and. one  inch.  Now,  although 
this  Oak  is  larger  near  the  earth  than. that  in  Hampshire,  yet  it 
diminilhes  much  more  fuddenly  in  ,girt,  viz.  eight  feet  and  five 
inches  in  two  feet  of.  height  (I  reckon  by.  my  owmmeafures  as 
I: took  pains  to  be  exaft),  Suppofe  the  diminution  continues 
about  this  rate  (for  I did  not  meafure  fo  high)  then  at  feven  feet  it 
will  be  about  twenty-eight  feet  fin  circumference,  and  the  bottom 

ru  .-.aadt 

* I cannot  miftake  in  the  age  of  this.  Oak,  as  I have  the  deed  between  my 
a nee  ftor  Robert  marsham  and  the  Copyhold  Tenants  of,  his  Manor  of  Stratton, 
dated  May  20,  1580,  upon  his  then  inclosing  fome  of  his  wafle;  and  the  abuttal 
i8>clear. 
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fourteen  feet  contain  fix  hundred  and  eighty-fix  feet  round  or 
buyers  meafure,  or  feventeen  ton  and  fix  feet ; and  fourteen 
feet  length  of  the  Hampfhire  Oak  is  one  thoufand  and  feven 
feet,  or  twenty-five  ton  and  feven  feet,  that  is,  three  hun- 
dred and  twenty-one  feet  more  than  the  Yorkfhire  Oak,  though 
that  is  fuppofed  by  many  people  the  greateft  Oak  in  England. 

I am  unwilling  to  conclude  this  account  of  wafhing  the 
ftems  of  trees  without  obferving,  that  all  the  ingredients  of 
vegetation  united,  which  are  received  from  the  roots,  ftem, 
branches,  and  leaves  of  a mofiy  and  dirty  tree,  do  not  produce 
half  the  increafe  that  another  gains  whofe  ftem  is  clean  to  the 
head  only,  and  that  not  ten  feet  in  height.  Is  it  not  clear  that 
this  greater  fhare  of  nourifhment  cannot  come  from  rain  ? for 
the  dirty  ftem  will  retain  the  moifture  longer  than  when  clean, 
and  the  nourifliment  drawn  from  the  roots,  and  imbibed  by 
the  branches  and  leaves,  muft  be  the  fame  to  both  trees.  Then 
muft  not  the  great  fhare  of  vegetative  ingredients  be  conveyed 
in  dew  ? May  not  the  mofs  and  dirt  abforb  the  firieft  parts  of 
the  dew  ? and  may  they  not  aft  as  a kind  of  fcreen,  and  de- 
prive the  tree  of  that  fhare  of  air  and  fun  which  it  requires  ? 
To  develope  this  myfterious  operation  of  nature  would  be  an 
honor  to  the  moft  ingenious,  and  the  plain  faft  may  afford 
pleafure  to  the  owners  of  young  trees ; for  if  their  growth 
may  be  increafed  by  cleaning  their  ftems  once  in  five  or  fix 
years  (and  perhaps  they  will  not  require  it  fo  often)  if  the  in- 
creafe is  but  half  an  inch  yearly  above  the  ordinary  growth, 
it  will  greatly  over-pay  for  the  tiouble,  befides  the  pleafure  of 
feeing  the  tree  more  flourifhing.  Although  the  extra  increafe 
of  my  firft  wafhed  Beech  was  but  four- tenths  of  an  inch,  the 
fecond  was  nine-tenths  and  a half,  and  the  third  near  two 
inches,  fo  the  aggregate  extra  increafe  is  above  one  inch  and 
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one  tenth  yearly ; and  the  increafe  of  the  oak  is  eight-tenths. 
But  calling  it  only  half  an  inch,  then  fix  years  will  produce 
above  five  cubic  feet  of  timber,  as  the  oak  is  eight  feet  round, 
and  above  twenty  feet  long,  and  fix  pence  will  pay  for  the 
wafhing,  fo  there  remains  nine  fhillings  and  fix  pence  clear 
gain  in  fix  years. 

Stratton,  ... 

Q&.  29,  178c, 
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XXX.  Hints  relating  to  the  Ufe  which  may  be  made  of  the  Ta- 
bles of  natural  and  logarithmic  Sines , Tangents , &c.  in  the 
numerical  Reflation  of  adfedled  Equations.  By  William 
Wales,  F.  R.  S.  and  Mafer  of  the  Royal  Mathematical  School 
in  Chrift’s  Hofpital* 


Read  June  14,  1781 


THE  firft  intimation  that  I can  meet  with  relating  to  the 
ufe  which  may  be  made  of  the  tables  of  fines,  tangents, 
and  fecants,  in  refolving  adfedted  equations,  is  in  the  latter  part 
of  the  fecond  volume  of  ProfefTor  saunderson’s  Elements  of 
Algebra,  printed  in  1741,  after  his  deceafe.  The  profeflbr 
there  ihews  how  to  refolve  thofe  two  cafes  which  make  the 
firft  and  fecond  of  the  following  examples,  by  means  of  the 
tables ; but  it  appears,  from  many  circumftances,  he  was  not 
aware  that  the  third  cafe  could  be  refolved  in  the  fame  manner* 
All  the  three  forms  were,  however,  Vefolved  by  the  late  Mr* 
Anthony  thacker,  a very  ingenious  man,  who  died  in  the 
beginning  of  the  year  1744,  by  the  help  of  a fet  of  tables,  of 
his  own  invention  ; different  from,  but  in  fome  meafure  ana- 
logous to,  the  tables  of  fines  and  tangents.  Thefe  tables  were 
finiftied  and  publiftied,  together  with  feveral  papers  concerning 
them,  after  his  death,  by  a Mr.  brown  of  Cleobury.  In  thefe 
papers,  befide  explaining  fully  the  ufe  of  the  tables  in  refolving 
cubic  equations,  Mr.  thacker  fhewTs  that  his  method  compre- 
hends the  refolution  of  all  biquadratic  equations,  if  they  be 
2 firft 
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firft  reduced  to  cubic  ones  in  the  manner  which  has  been  ex- 
plained by  Descartes  and  others,  and  the  fecond  term  then 
taken  away. 

Since  that  time  mauduit  has  (hewn  how  to  find  the 
roots  of  all  the  three  forms  of  cubic  equations,  by  means  of 
the  tables  of  fines,  &c.  in  his  excellent  Treatife  of  Trigono- 
metry. But  none  of  thefe  authors  have  attempted  to  refolve 
equations  of  more  dimenfions  than  three,  by  thefe  means, 
without  firft  reducing  them  to  that  number ; nor  even  thefe, 
before  the  fecond  term,  or  that  which  involves  the  fquare  of 
the  unknown  quantity,  is  taken  away : whereas  fuch  reduc- 
tions will  generally  take  up  more  time  than  is  required  to  bring 
out  the  value  of  the  unknown  quantity  by  the  following  me- 
thod ; and,  after  all,  frequently  ferve  no  other  purpofe  but 
that  of  rendering  the  operation  more  intricate  and  troublefome. 

The  truly  ingenious  Mr.  landen,  in  his  lucubrations, 
publifhed  in  1755,  has  given  a general  method  of  refolving 
that  cafe  of  cubic  equations,  by  means  of  the  tables  of  fines, 
where  all  the  roots  are  real,  without  the  trouble  of  taking 
away  the  fecond  term  of  the  equation : and  Mr.  simpson  has 
ffiewn  how  to  refolve  equations  of  any  dimenfions,  by  the  fame 
means,  provided  thofe  equations  involve  only  the  odd  powers  of 
the  unknown  quantity,  and  that  the  co-efficients  obferve  fuch 
a law  as  will  reftrain  the  equation  to  that  form  which  is  expref- 
five  of  the  cofine  of  the  multiple  of  an  arc,  of  which  the  un- 
known quantity  is  the  cofine,  This  was  firft  done,  I believe, 
by  john  Bernoulli,  and  afterwards  by  Mr.  euler,  in  his 
Introduffi.  ad  Analyt.  Infinit . and  Mr.  de  moivre,  in  his  Mif- 
cell.  Analyt . ; but  the  refolution  of  all  equations  of  this  form, 
as  well  as  many  others,  is  comprehended  in  the  firft  of  the 
following  obfervations. 
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The  firfl:  thought  of  extending  the  ufe  of  the  tables  of  fines, 
tangents,  and  fecants,  farther  than  to  the  cafes  which  have 
been  already  mentioned,  occurred  to  me  while  1 was  confidering 
the  problem  which  produced  the  equation  given  in  this  paper  as 
the  fourth  example.  And  it  is  remarkable,  that  the  very  fame 
thought  occurred  to  Dr.  hutton  about  the  fame  time,  and  in 
the  refolution  of  the  fame  problem ; and  we  were  not  a little 
lurprized,  on  comparing  our  folutions  together,  to  find  that 
our  ideas  had  taken  fo  exactly  the  fame  turn ; and  that  both 
fhould  have  {tumbled  on  a thought,  which,  as  far  as  either  of 
us  knew,  had  never  prefented  itfelf  to  any  one  before.  Hav- 
ing fince  examined  farther  into  the  matter,  I have  the  fatisfac- 
tion  to  find,  that  the  principle  is  very  extenfive,  and  that  a great 
number  of  equations,  efpecially  fuch  as  arife  in  the  practice  of 
geometry,  aftronomy,  and  optics,  may  be  refolved  by  it  with 
great  eafe  and  expedition. 

But  befide  the  facility  with  which  the  value  of  the  unknown 
quantity  is  brought  out  by  means  of  the  tables  of  fines,  tan- 
gents, and  fecants,  this  method  of  refolution  has  another  con- 
fiderable  advantage  overmoft  others  which  have  been  propofed, 
inafmuch  as  the  firfl:  ftate  of  the  equation,  without  any  previous 
reduftion,  is  generally  the  beft  it  can  be  in  for  refolution  ; and 
from  which  it  may  moft  readily  be  difcovered,  how  to  feparate 
it  into  fuch  parts  as  exprefs  the  fine,  or  the  tangent,  or  the 
fecant  of  the  arc  of  a circle  ; or  into  the  fine,  tangent,  or  fe- 
cant  of  fome  multiple  of  that  arc,  or  of  a part  of  it ; and  in 
the  doing  of  which  confifts  the  principal  part  of  the  bufinefs  in 
queftion.  It  will  alfo  be  of  fome  advantage  to  preferve  the 
original  fubftitutions  as  diftinft  as  poffible,  by  ufing  only  the 
figns  of  the  feveral  operations  which  it  may  be  neceflary  to  go 
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through  in  bringing  the  folution  of  a problem  to  an  equation, 
inftead  of  performing  the  operations  themfelves. 

Befides  the  advantages  which  this  method  of  procedure 
affords  to  the  mode  of  refolution  now  more  particularly  under 
confideration,  it  has  fo  many  others  over  that  which  is  com- 
monly made  ufe  of,  that  I am  much  furprized  the  latter  fhould 
ever  have  been  adopted.  By  preferving  thus  the  original  fub- 
ftitutions  diftindt,  all  .the  way  through  an  operation,  every 
expreffion,  even  to  the  final  equation,  will  exhibit  the  whole 
procefs  up  to  that  ftep  ; and  it  will  appear  as  clearly,  how  every 
expreffion  has  been  derived,  as  it  does  in  that  mode  of  analyfis 
which  was  ufed  by  the  ancient  geometricians  : whereas,  whe$ 
the  feveral  original  expreffions  are  melted  down  into  one  mafs  by 
the  multitude  of  a&ual  additions,  fubtradtions,  multiplications, 
and  divifions,  which  they  generally  undergo,  in  a long  alge- 
braical procefs,  conducted  in  the  ufual  manner,  it  is  impoffible 
to  trace  the  fmalleft  veftige  of  the  original  quantities  in  the 
final  equation,  except  fuch  as  are  reprefented  by  a fingle  letter. 
Of  courfe,-  however  obvious  the  feveral  fteps  might  be  at  the 
time  when  they  were  taken,  every  idea  of  them  muft  be  totally 
loft  in  the  refult ; and  it  will  be  utterly  impoffible  to  trace 
them  back  again,  in  the  manner  they  are  done  in  the  compofi- 
tion  of  a problem,  the  folution  of  which  has  been  inveftigated 
by  the  geometrical  analyfis*.  Let  me  add,,  that  it  is  to  this 

caufe 

* This  fubjeft,  if  ever  I am  bleffed  with  more  leifure  than  is  at  prefent  my 
lot,  Ihall  bepurfued  farther  in  another  paper:  in  which  I fhall  endeavour  toihew, 
that,  notwithftanding  the  great  difference  which  there  appears  to  be  between 
algebra  and  geometry,  they  are  really  but  one  fcience,  differently  treated ; and 
that  the  operations  of  the  former  may  be  rendered  as  clear  and  perfpicuous  as 
thofe  of  the  latter  are  allowed  to  be.  A difquifition  of  this  nature  will  at  leail 
have  the  merit  of  refcuing  a very  ufeful  and  expeditious  mode  of  inveffigation 
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caufe  we  muft  attribute  all  that  obfcurity  which  the  algebraic 
mode  of  inveftigation  has  been  fo  frequently  charged  with. 

1 (hall  endeavour  to  verify  this  dodtrine,  in  fome  meafure,  by 
the  expreffions  which  are  put  down  in  the  following  tables  for 
the  fines,  cofines,  and  tangents  of  arcs  of  circles,  and  of  the 
multiples  of  thofe  arcs  ; which  tables  will  be  found  very  ufe- 
ful  in  the  profecution  of  the  defign  which  I am  now  upon,  and 
are  abfolutely  necefifary  in  the  explanation  of  it. 

r 

from  an  unmerited  fligma  : and  if  I never  be  happy  enough  to  have  an  opportunity 
of  doing  it  myfelf,  what  I have  here  faid  may  be  the  means  of  putting  fomc 
other  perfon,  who  has,  upon  it. 
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TABLE  I. 


Vrc. 

Sine. 

Cofine. 

Tangent. 

A 

22-  / 

*7+7. tti 

rx 

*^.7=7 

2 r* 

2 A 

— ' Vr  + x . r-x 

r 

7+7  . ~—xl  *4  + x . r-x 

3x.777.~-x’ 

r-f  * . r— 3**  , 

3 . r+x  . r-.r-*3  _r  rx 

3A 

— p — V7+7  • >—a: 

7+7  . r-x-3*3  v~.  tt? 

4A  ■ 

4*  , r+x  . r-x-4x’  J~=— 

r+xl*  . r — JZ—  6x*  . r+x  . r—x+  X* 

4 . r + x . r — x — 4x*  rx 

-r v: + x . r — X 

r3 

r+TT  . r— xT  — 6a-1  . r+x  • r — x+x*  Vr+x  . r — x 

SA 

Ja:  r + ,.11  . r-x]'"-  lox ’ . r + .v  . t -x  + xs 

r+x|  • r-d*l  — lox3  . r+x  . r— x + cat4  J 

5 ,r+xT  . r-Z-iw1  . r+A.  r—  x+x*  r.r 

r+ 

; vr  + x . r—x 

r + a]1  . r— A-f-^JJW1  . r + A-  . r— A-  + 5.V*  Vr+x  . r—x 

Sa-  . r+^J  . r^T)  - 20.*’  . r+x . r-*+tf^a'  — 

r+n5.rr^S-i5A:I.r'+IlI  . ^Il*+  ,5x*  . 7+7  . “-x6 

6 . 7+7T  . 77T7)* - 20x*  . 7+“v  . 7T7+  6a-*  rx 

r' 

T3 

r + aj"  . r-A|‘-t5A*  . r+xl'  . r-xj‘  + 15A4  . r + A . r- x.VT+7  . 737 

TABLE  II. 


Arc. 

Sine. 

Cofine. 

Tangent. 

A 

'rx 

r 

VTqT? 

r'vVt4> 

srV 

r 7+i.r-x 

2 r*x 

zA 

r*  + A3 

7+7. 737 

~x.~x+ir*  ' 1 rA 

r « r -f  a*  ;a ^ 2fx 

x.7+7.r-x+2r*x 

3 A 

^ + *’  X v'rTjT* 

~ 7^+7^  x vP+9 

r+  a-  . r— a—  sa* 

A A 

2 . r+A:  . r - .v  ^ sr2* 

r+A  . r—  a—  zrx  r+A.r  — x + arA 

4r3A  . r+A  . r-A 

4 v 

rJ+A-  X r:  + a1 

• r3+x3  * r1  +a3 

r+A*  '.  r-xl2  — 4rV 

cA 

r+TI*  . r — a]2  + 4.1  . r+A  . r-A~4rV  ^ rx 

, r + A>*  . ^a!I-4a3.  r+A  . r-A-4rV  ^ r 

a . rq*  . 777“+  +t3a  . r + A . r- A-4rV 

r3  + x‘.r‘+x3  Vr+x3 

r3  + x3.r3+x3  Vr’  + xv 

r + a|  * . r—x'd  — 4 a . r + A . r,—x  - 4^*? 

6A 

3 . r+7f  . ^aI*  - 4'V  „ 2 • ^ 

v ~ .—  „ r 

, 6a. rP*  .r77)3_8rV 

r-  + A*  . r3  + x3'  r3  + A1 

r3  + A3  X rz  + A-‘  ^r  +Al 

" ,,'p1.r'P)!-I2r-A-:A^.r— 
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TABLE  IV. 


Arc. 

Sine. 

Cofine. 

Tangent. 

A 

y/72^ 

r-* 

-L-v/^T^p 

2A 

3A 

r 

2 . r-xf  —?* 

4 • r—xf  - 3 r*  , rfx 

ri  V r —r—x\ 

4 . ^rcv  .7-^yr 

.A 

-v'.r^x^  — -j* 

Sf.r-r^3  trl-r  x p 

r 3 ■ 

• A 

16  . r— *|  — I2r*  . r— * 1 +r4  / 

t6 . 7^\'  - tor*  . + )s. 

t6r  . >T7j4_  ur3  . r--*  * + r’  — i — ^ • 

; V rz—  r — *1 

r * 

16  . r— T — 20r2  . r— *]J-f  Jr4  . r— * 

6A 

3J  • *1  — 32r  • r—xl  + 6r*  . r-*x 

31  . r-f-ifir*  . tgr^.TTTP-r6 

32C  . r— *|S—  32f5  . r— *l*+6rs  . r—x  - 

rs 

32  . r + .vj 6 — dfir*  . r— jrT+  l8r4  . r + A-1"—  tfi 

Cbfervatiom. 
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Obfervathris  on  the  foregoing  tables. 


EACH  of  the  formulas  in  thefe  tables  may  be  confidered  as' 
one  fide  of  an  equation,  involving  the  unknown  quantity  x to 
different  dimenfions.  In  feme  of  the  formulae  the  odd  powers 
of  x are  only  found,  in  others  the  even  ones  alone,  and  in 
others  both  ; but  they  are  all  equally  ufeful  in  finding  the  value 
of  the  unknown  quantity  in  ad  feet  ed  equations  which  contain 
all  the  powers  of  that  quantity,  as  will  plainly  appear  from 
the  following  confiderations. 

I.  If,  on  bringing  the  folution  of  any  problem  to  an  equa- 
tion with  fome  known  quantity,  it  be  found  to  correfpond  with 
any  of  the  formula  in  thefe  tables  ; or,  if  by  any  means  it  can 
be  reduced  to  any  of  them,  it  is  manifeft,  that  nothing  remains  to : 
be  done  but  to  divide,  the  known  fide  of  the  equation  by  the 
value  of  the  quantity  which  is  here  denoted  by  r,  and  to  feek 
for  the  quotient  in  the  tables  of  fines,  cofines,  or  tangents,  as 
the  cafe  may  require,  and  the  value  of  the  unknown  quantity 
will  be  the  fine,  tangent,  fecant,  or  verfed  fine,,  of  2 given 
part  of  that  arc  (according  as  the  expreffion  is  found  in  the 
firft,  fecond,  third,  or  fourth  table)  multiplied  by  the  value 
of  r. 

II.  If,  as  will  more  frequently  happen,  the  final  equation  of 
an  operation  be  found  equivalent  to  .the  fum,  difference,  pro- 
duct, or  quotient,  of  fome  two  or  more  of  thefe  formula;  or 
to  the  fum,  difference,  produd,  or  quotient,  of  fome  two  or 
more  of  them  multiplied  or  divided,  increafed  or  leffened,  by 
fome  known  quantity  or  quantities ; then,  having  taken  away 
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the  known  quantities  by  the  common  algebraic  rules,  obferve 
the  following  ones. 

1 ft.  When  the  equation  is  found  to  correfpond  with  the  fum 
or  difference  of  two  formula  in  thefe  tables,  which  are  the  fine 
and  tangent,  fine  and  cofine,  or  cofine  and  tangent,  of  the  fame 
arc,  by  running  the  eye  along  the  tables  of  natural  fines  and 
tangents,  find  thefe  two  arcs,  immediately  following  one  ano- 
ther, the  fum  or  difference  of  the  fine  and  tangent,  fine  and 
cofine,  or  cofine  and  tangent,  of  which  are  one  of  them 
greater,  and  the  other  lefs  than  the  number  which  conftitutes 
the  known  fide  of  the  equation.  Take  the  excefs  of  one  of 
thefe  fums  or  differences  above,  and  what  the  other  fum  or 
difference  wants  of  the  faid  given  number,  add  thefe  two  errors 
together,  and  fay,  as  the  fum  of  them  is  to  60",  fo  is  that 
error  whicffbelongs  to  the  lefs  arc  to  a number  of  feconds ; 
which  being  added  to  the  lefs  arc  will  give  one,  the  fum  or  dif- 
ference of  whofe  fine  and  tangent,  fine  and  cofine,  or  cofine 
and  tangent,  is  exadtly  equal  to  the  number  which  conftitutes 
the  known  fide  of  the  equation.  Of  the  arc,  thus  found,  let 
fuch  a part  be  taken  as  the  table  in  which  the  formula  are  found 
directs,  and  the  natural  fine,  tangent,  fecant,  or  verfed  fine  (as 
the  cafe  may  require)  of  this  part,  being  multiplied  by  the 
value  of  r,  if  r be  found  in  the  equation,  will  be  the  value  of 
x fought. 

2d.  When  the  equation  happens  to  be  the  produft  or  quo- 
tient of  two  formulae  which  exprefs  the  fine  and  cofine,  fine 
and  tangent,  or  cofine  and  tangent,  of  the  fame  arc,  take  the 
logarithm  of  the  number  which  conftitutes  the  known  fide  of 
the  equation,  and  then  follow  exactly  the  direftions  given  in 
the  firft  cafe,  ufing  the  tables  of  logarithmic  fines  and  tangents 
-inftead  of  the  tables  of  natural  ones. 
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3d.  If  the  equation,  finally  /refill ting  from  the  refolutibn 
any  problem,  prefent  itfelf  in  an  exprefilon  which  is  compofed 
of  the  fum  or  difference  of  the  fine,  cofine,  or  tangent,  of  an 
arc,  of  which  the  unknown  quantity  is  the  fine,  cofine,  tan- 
gent, or  verfed  fine,  and  the  fine,  coline,  or  tangent,  of  fome 
multiple  of  that  arc,  it  will  then  be  convenient  to  have  two 
tables  of  fines  and  tangents ; and  in  running  the  eye  along 
them  to  find  the  two  arcs  immediately  following  one  another, 
of  which  the  fum  or  difference  of  the  fine,  cofine,  or  tangent, 
of  one  of  them,  and  the  fine,  cofine,  or  tangent,  of  fome 
multiple  of  it,  may  be  lefs,  and  the  fum  or  difference  of  the 
fine,  cofine,  or  tangent,  of  the  other,  and  the  fine,  cofine,  or 
tangent,  of  the  fame  multiple  of  it,  may  be  greater  than  the 
number  which  conftitutes  the  known  fide  of  the  equation,  for 
.every  minute  of  a degree  that  the  finger  is  moved  over  in  one, 
it  rauft  be  moved  over  a number  of  minutes  in  the  other, 
which  is  equal  to  the  number  of  times  that  the  fingle  arc  is 
contained  in  the  multiple  one.  When  thefe  two  arcs  are 
found,  the  operation  will  not  differ  fo  materially  from  that 
-which  is  pointed  out  in  the  firft  rule  as  to  merit  repetition. 

4th,  If,  inftead  of  the  fum  or  difference  of  the  fine,  cofine, 
or  tangent,  of  an  arc,  and  the  fine,  cofine,  or  tangent,  of 
fome  multiple  of  it,  the  form  of  the  equation  be  fuch  as  to  be 
conftituted  of  the  product  of  them,  or  the  quotient  of  one  di- 
vided by  the  other,  the  laft  rule  will  frill  hold  good,  ufing  only 
the  logarithmic  fines  and  tangents  inftead  of  the  natural  ones, 
and  comparing  the  fum  or  difference  of  them,  according  as  the 
equation  is  compofed  of  the  product:  or  quotient  of  the  two 
faftors,  with  the  logarithm  of  the  number  which  conftitutes  the 
known  fide  of  the  equation,  inftead  of  that  number  itfelf. 
Vql.  LXXL  P P p 5th. 
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5th*  Sometimes  the- final  equation  will  come  out  in  expref- 
fions.  which  are  conftituted  of  the  fum,  difFerence,  product,  or 
quotient,  of  the  fine}  cofine,  or  tangent,  of  fome  multiple  of 
an  arc,  of  which  the  unknown  quantity  is  the  fine,  tangent* 
fecant,.  or  verfed  fine,  and  the- fine,  cofine,  or  tangent,  of  lbmc 
other  multiple  of  the  fame  arc.  And  in  any  of  thele  cafes  it 
is  manifeft,  that  the  method  of  proceeding,  in  order  to  obtain 
one  of  the- multiple  arcs,  and  from  thence  the  tingle  one,  of 
which  the  unknown  quantity  is  the  fine,  tangent,  &c.  wilt 
not  be  greatly  different  from  thole  which  have  been  defcribed  in 
the  third  and  fourth  rules.  The  moft  material  difFerence  con- 
lifts  in  this,  that  inftead  of  proceeding  minute  by  minute,  ac- 
cording to  the  directions  in  the  third  rule  to  find  the  fingle  arc* 
it  will  now  be  moft:  convenient  to  proceed  in  each  table  by  as 
many  minutes  at  each  ftep  as  are  equal  in  number  to  the  num- 
ber of  times  which  the  fingle  arc  is  contained  in  the  multiple 
ones  relpeftively. 

6th.  Equations  will  frequently  make  their  appearance  in  for- 
mulae which  exprefs  the  fquare,  cube,  &c.  of  the  fine,  cofine*f 
or  tangent,  of  the  multiple  of  Ibme  arc,  of  which  the  un- 
known quantity  is  the  fine,  tangent,  fecant,  or  verfed  fine ; 
or  in  formulae  which  are  expreffive  of  the  fum,  difference,  pro- 
duct, &c.  of  the  fine,  cofine,  or  tangent,  of  an  arc*  and  fome 
power  of  the  fine,  cofine,  or  tangent,  of  the  fame  arc ; or  of 
fome  multiple  of  it*  the  unknown  quantity  being  fome  other 
trigonometrical  line  belonging  to  that  arc.  Or  the  equation 
may  be  compounded  of  the  fum,  difference,  produdt,  &c.  of 
the  fame,  or  different  powers  of  the  fines,  tangents,  or  cofines,, 
of  different  multiples  of  an  arc*  the  unknown  quantity  being 
the  fine,  tangent,  fecant,  or  verfed  fine,  of  that  arc.  I11  every 
©ae  of  tkefe  cafes  the  tables  will  give  the  value  of  the  unknown 
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quantity,  and  in  moft  of  them  with  great  ’eafe  and  expedition. 
The  method  which  is  to  be  purfued  in  each  cafe  will  readily 
p relent  itfelf  to  a Ikilfoi  analyft,  who  attends  carefully  to  what 
has  been  already  fa  id,  and  to  the  examples  which  follow. 

IV.  The  formula  in  the  four  preceding  tables  may  be  greatly 
varied  by  fuppofing  the  Unknown  quantity,  to  be  feme  part 
or  parts  of  the  fine,  tangent,  &c.  as  §,  4,  *,  1,  &c.  or  feme) 
.multiple  of  it,  as  twice,  thrice,  &c.  Or  y may  be  the  fqu are, 
or  the  fquare  root,  or  any  other  power  of  the  fine,  tangent, 
decant,  or  verfod  fine,  of  an  arc  ; in  every  One  of  which  cafes 
the  formula  will  put  on  different  appearances,  eithef  with  re- 
fpe<Si  to  the  powers  or  co-efficients  of  the  unknown  quantity:^., 
and  yet  admit  of  the  lame  kind  of  application. 

V.  The  tables  may  be  rendered  yet  more  extenfively  ufeful  by 
inferring  expreffions  for  the  fines,  cofines,  and  tangents^  of 
half  the  arc  which  has  x for  its  fine,  tangent,  feca'nt,  or  verfed’ 
fine;  and  alfo  for  the  fines,  cofines,  and  tangents,-  of  the  odd 
multiples  of  this  half  arc,  which  expreffions,  together  with 
thole  already  inferted,  may  be  confidered  as  the  fines,  - colines, 
and  tangents,  of  the  multiples  of  an  arc,  the  unknown  quan- 
tity, being  the  fine,  tangent,  &c.  of  twice  that  arc.  And 
this  confideration  may  fometimes  be  applied  to  very  ufefui 
purpofes. 

VI.  In  order  to  render  the  formula  In  the  tables  rnore  general, 
I have  put  r for  the  radius  of  the  circle  ; whereas  it  will  fre- 
quently happen,  that  the  equation,  finally  refulting  from  the 
refolution  of  a problem,  efpecially  thofe  which  relate  to  the 
doctrine  of  the  lphere,  will  prefent  itfelf  in  a form  where  the 
radius  muft  be  taken  equal  to  unity  : what  theie  forms  are  will 
readily  appear  by  fubftituting  unity  for  r and  its  powers-  every 
where  in  the  expreffion. 

p p P 2 
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It  would  be  endlefs  were  I to  undertake  to  enumerate  all  the 
various  circumftances  and  cafes  in  which  this  method  of  bring- 
ing out  the  unknown  quantity  may  be  applied  writh  fuccefs ; 
what  has  already  been  laid  will  be  fufficient  to  explain  the 
nature  of  it,  and  to  enable  the  analyft  to  apply  it  in  other  in- 
fiances  as  they  occur  to  him,  I lhall  therefore  only  add  a few 
examples  to  illuflrate  it. 

example  i» 

Let  it  be  required  to  find  the  value  of  x in  an  equation  of 
the  form  #3  — r'1  x — a. 

If  r'1  be  expounded  by  50,  and  a by  120  (fee  Phil.  Tranf. 
vol.  LXV1II.  p.  937-)  the  equation  may  be  reduced  to 

x — 50  = ^120  ; and,  confequently,  by  tab.  III.  if  x 
be  confidered  as  the  fecant  of  an  arc,  of  which  the  radius  is 

V 50,  \/ xz  — 50  will  be  the  tangent  of  it,  and  we  fhall  have 
to  find  an  arc,  fuch  that  the  tangent  multiplied  by  the  fquare 

root  of  the  fecant  may  be  equal  to  \/i2o  ; or,  which  amounts 
to  the  fame  thing,  fuch  an  arc  that  the  log.  tang,  together 
with  half  the  log.  fecant  may  be  equal  to  half  the  log.  of  1 20. 
But  becaufe  the  tangent  and  fecant,  here  required,  are  to  the 

radius  of  the  \/ 50,  the  log.  tangents  and  fecants  in  the  tables 
muft  be  increafed  by  the  logarithm  of  that  number,  and  there- 
fore log.  tang.  4- I log.  50  + f log.  fecant  -f  | log.  50  = \ log.  1 20 : 
or  log.  tang,  -f  | log.  fecant  = | log.  120  — | log.  of  50.  Hence, 
having  taken  J the  log.  of  50  from  § the  log.  of  120,  run 
the  eye  along  the  tables  of  logarithmic  tangents  and  fecants 
until  an  arc  be  found  of  which  the  fum  of  the  log.  tangent 
and  half  the  log,  fecant  is  equal  to  19*7653631,  the  remainder. 

In 
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In  this  manner  it  will  be  readily  found,  that  the  fum  of  the  log. 
tangent  and  half  the  log.  fecant  of  28°  37'  is  lefs  than  that 
difference  by  2012,  and  that  the  fum  of  the  dog.  tangent  and 
half  the  log.  fecant  of  28°  38'  is  greater  than  it  by  1337: 
therefore  3349  (2012+1337)  : 60"  ::  2012  : 56".  Theexadt 
arc,  therefore,  of  which  the  fum  of  the  log.  tangent  , and  half 
the  log.  fecant  is  equal  to  19.7653631  is  28°  37'  36",  and  the 
log.  fecant  of  it  is  10.0566242,  which  being  increafed  by 

0.8494850,  the  log.  of  v/50  gives  0.9061092,  which  is  the 
logarithm  of  8.055810,  the  value  of  x fought,  and  which  is 
true  to  feven  places  of  - figures. 

E X*  A M P L E H. 

To  find  the  value  of  x in  an  equation  of  the  form 
X — r x——  a. 

If  r be  expounded  by  3,  and  a by  10,  as  they  are  in  the, 
example,  given  at  p.  433.  of  the  Phil.  Tranf.  vol.  LXX.  the 
equation  will  be  x3  -gx  — .—  10,  and  may  be  transformed  to 
x x \/ 9 — v2  = v/ 10  ; and,  therefore,  by  tab.  I.  the  fquare 
root  of  the  fine  into,  the  cofme  of  an  arc,  of  which  the  radius 
is  3,  is  equal  to  the  fquare  root  of  10.  Coiifequentlyj  an  ate. 
mufh  be  found,  fuch  that  the  fum  of  the  log,  cofine  and  half 
the  log.  tangent  is  equal  to  half  the  log.  of  10.  But  beeaufe 
the  radius  of  this  arc  mud  be  3,  the  log.  fines  and  cofines  mult 
be  increafed  by  the  log.  of  3 ; and,  therefore,  log.  cof.  +log.  of  3 
+ J log,  fine  + f log.  of  3 muft  be  equal  to  half  the  log.  of  10; 
or,  an  arc  muft  be  found  of  which,  the  fum  of  the  tabular  log,  . 
cofine  and  half  the  log.  fine  is  equal  to  the  difference  between 
half  the  log.  of  10  and  1 f the  log.  of  3.  Hence,  having  fub- 
tradted  if  log.  of  3 from  half  the  log.  of  10,  run  the  eye 
2 * along* 
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along  Gardiner’s  tables  of  logarithmic  fines,  by  which  means 
it  will  be  readily  found,  that  the  fum  of  the  log.  cofine  and 
half  the  log.  fine  of  28°  53'  30''  is  lefs  than  19.7843181,  the 
excefs  of  half  the  log.  of  10  above  if  log.  3,  by  15,  and  that 
the  lum  of  the  log.  cofme  and  half  the  log,  fine  of  28s  53'  40" 
is  greater  than  that  difference  by  60.  Confequently  75 
(15  + 60)  : 10"  ::  15  : 2".  The  exaCt  arc,  therefore,  of 
which  the  fum  of  the  log.  cofine  and  half  the  log.  fine  is  equal 
to  19.7843181,  is  28°  53'  32";  and  the  log.  fine  of  this  arc, 
increafed  by  the  log.  of  3,  is  0.1612153,  the  logarithm  of 
1.44949,  the  value  of  * required,  true  to  the  laft  place. 

But  many  equations  of  this  form,  and  this  example  among 
the  reft,  admit  of  two  pofitive  values  of  the  unknown  quan- 
tity ; and  by  carrying  the  eye  farther  along  the  tables  it  will  be 
found  alfo,  that  the  fum  of  the  log.  cofine  and  half  the  log. 
line  of  410  48'  30^  is  greater  than  19.7843181  by  50,  and 
that  the  fum  of  the  log.  cofine  and  half  the  log.  line  of 
41°  48'  40 n is  too  little  by  21.  Confequently,  71  (50  + 21) 

: io''  ::  50  : 7":  of  courfe,  410  48'  37^  is  another  arc,  of 
which  the  fum  of  the  log.  cofme  and  half  the  log.  fine  is  equal 
to  19.7843181,  and  the  log.  fine  of  this  arc,  increafed  bv  the 
log.  of  3,  is  the  logarithm  of  1.999999,  another  value  of  x9 
and  which  errs  but  by  unity  in  the  feventh  place. 

The  third  root,  as  it  is  generally  called,  of  this  equation, 
which  is  neceffarily  negative,  and  equal  to  the  fum  of  the  other 
two,  belongs  properly  to  the  equation  which  is  given  as  the  firft: 
-example,  of  which  it  is  the  affirmative  root,  and  may  be  found 
by  the  directions  which  are  there  given. 
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E X A M P L e nr. 

To  find  . the  value  of  .x  in  an  equation  of  the  form 
x -f  r-x  = a. 

Let  us  take  as  examples . of  this  equation  x%  + 3# 
x'  + 3*  =.08,  and  a:3  -{-  3*'  .== . 1 2,  which  are  three  of  the  inftances 
given  by  Dr.  halley,  in  his  Synopfis  of  the  Aftronortsy  of 
Comets,  to  illuftrate  the  mode  of  computation  that  he  purfued 
in  conftrudting  his  general  table  for  calculating  the  place  of  a. 
comet  in  a parabolic  orbit : and  it  is  obvious,  a being  put  for 
the  known  fide  of  the  equation,  that  it  may  be  transformed  to 
*s/x  xx/s+x'zzs/a:  where,  if  x be  confidered  as  the  tangent 
of  an  arc,  the  radius  of  which  is  \/^,  v/ 3 + r*  will  be  the  fecaiit 
of  that  arc and,  confequently,  by  what  is  (liewn  in  the  firft 
example,  an  arc  mu  ft  be  found,  fuch,  that  the  fum  of  the  tabular 
log.  fecant  and  half  the  tabular  log.  tangent  may  be  equal  to  the 
excefs  of  half  the  log.  of  a above  £ of  the  log.  of  3.  In  the 
firft  of  the  above  three  inftances  this  excefs  will  be  found, 
18.9431891,  in  the  fecond  19.09.37041,  and  in  the  third 
19.1817497;  and  by  running  the  eye  along  Gardiner’s 
Tables  of  Logarithmic  Sines  and  Tangents,  it  will  be  found, 
that  the  firft  falls  between  o°  z6/  2Qn  and  o°  26'  30",  the  fe- 
cond between  o°  52'  50''  and  o°  53'  o'\  and  the  third  between 
i°  19'  20"  and  r°  19'  30" ; and,  by  purfuing  the  mode  which 
has  been  defcribed  in  the  two  former  examples,  the  fexadt  arcs 
will  be  found  26!  27^, 7,,  o°  5-4'  51", 7*  and  r°  19'  20^, 1, 

and  their  refpedtive  tangents,  to  the  radius  s/^,  .01333248, 
.0266611,  and  .0399787,  the  three  values  of  a fought.  And 
in  this  manner  Dr.  halley’s  table  may  be  extended  to  any 
length  with  the  utmoft  eafe,  expedition,  and  accuracy, 
o 
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Tims  far  this  matter  has  been  carried  by  former  writers  ; but 
thole  who  may  be  at  the  trouble  of  confulting  them  will  find 
that  I have  not  copied  their  methods : on  the  contrary,  thefe 
which  are  given  here  are  more  plain  and  obvious  than  theirs  are, 
and  the  operations  confiderably  fhorter.  What  follows  has  not, 
I believe,  been  adverted  to  by  any  before  me. 


EXAMPLE  IV. 


Let  the  equation  arifing  from  the  proportion  a : h + x . i - cz 

::  cs/i.  — xz  : crx  be  taken,  which  is  the  refult  of  an  inquiry 
into  the  fituation  of  that  place  on  the  furface  of  the  earth, 
confidered  as  a fpheroid,  which  is  at  the  greateft  diftance  from 
a given  one,  fuppofe  London.  In  this  inquiry  a and  b were 
put  to  reprefent  the  fine  and  cofine  of  the  latitude  of  the  given 
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: place  (in  the  fpheroid)  ; c for  the  ratio  of  the  axes  ; and  x 

for  the  fine  of  the  diftance  of  the  required  place  from  the  oppo- 
site pole  (in  the  fpheroid  alfo).  The  equation,  which  is  of 
four  dimenfions  with  all  the  terms,  is  manifeftly  acx  — 


b + x 


x %/ 


l~c2  b . ,.  t . 

— x . = — ; ill  which  It 

ac  ac 7 


is  evident  from  tab.  I/that  the  difference  between  the  tangent 
and  the  produfl  of  the  fine  into  a given  quantity  is  known. 

In  order,  therefore,  to  find  the  value  of  x,  compute—,  and 

l— and  find  the  logarithm  of  the  latter.  Now,  becaufe  the 

elliptic  meridian  differs  but  little  from  a circle,  the  place  fought 
will  not  be  far  from  the  antipodes  of  the  given  one,  and  its 
diftance  from  the  oppofite  pole  may  therefore  be  eftimated  at 

39°  5 ' ; 
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390  5' ; and,  having  taken  out  the  natural  tangent,  and  loga- 
rithmic fine  of  this  arc,  add  the  logarithm  of  to  the  lat- 
ter, and  find  the  number  correfponding  to  the  fum,  which  will 
be  lefs  than  the  natural  tangent  of  390  f by  2869.  As  this 
aflumption  is  fo  near,  take  39'  6"  for  the  next,  repeat  the  ope- 
ration, and  the  refult  will  be  1935  too  great.  Then  4804 
(2869  + 1935)  : 60"  ::  2869  : 36";  which  being  added  to  39^  , 
gives  390  5'  36",.  for  the  co-latitude  of  the  place  fought,  and 
the  natural  fine  of  this  arc,  or  .6305856  is  the  value  of  x in 
this  equation. 


EXAMPLE  V, 

T * «.•  3 . P-la*  * 2 a~-bz  abz  , - 

Let  the  equation  at  4 x 4- — — x = o,  be  taken, 

^ 4a  2 4 ’ 

which  refults  from  a folution  of  one  cafe  of  the  problem  de 
inclinationibus  of  Apollonius  ; but  which,  as  it  naturally  rifes 
to  a folid  problem,  was  not,  I conceive,  confidered  by  that  cele- 
brated author.  The  refult  of  the  analyfis,  before  any  reduc- 
tion takes  place,  is  this  proportion,  x + a : x — a ::  2s/ ax  : b; 

and  hence,  ^—^s/ax—lb.  But  it  is  here  manifefi:,  that  if  a 
be  taken  for  the  tangent  of  an  arc,  of  which  the  radius  is 
y/ ax , x will  be  the  cotangent  of  it,  and  ^~  \/ **(  = lb)  the  co- 
fine of  twice  that  arc.  Confequently,  we  have  to  find  an  arc, 
the  tangent  of  which  is  to  the  cofine  of  twice  that  arc  as  a is 
to  | b ; and  this  being  done,  the  natural  co-tangent  of  that  arc, 
to  the  proper  radius,  will  be  the  value  of  x. 

Vol.  LXXI.  Qjj  q 
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Thus,  let  22  be  io,  and  3 24  ; and  the  difference  of  the  loga- 
rithms of  a and  \b  will  be  0.0791812.  Now,  by  running  the 
eye  along  ga^diner’s  Tables  of  logarithmic  Sines  and  Tan- 


py. 


its, hr  will  be  readily  feen,  that  the  log:,  tangent  of  26 

1 j 00 


° f // 

33  5° 


when  me) 

o / 


ifed  by  0.079  1S1  2, 


A2 
j J 


4ov  twice  that  arc 


is  lefs  than  the  cofine  of 
and  that  the  k>p\  tangent  of 


^ U 

6°  34'  cD,  when  increaled  by  the  fame  quantity,  is  too  great, 
And,  by  actually  taking  out  the  logarithms,  and  making  the 
additions,  the  former  will  be  found  too  fmail  by  45;,  and  the 
latter  too  great  by  632.  Then,  1087  (455  + 632)  : 10''  :: 
455  : 4-"  5 which  being  added  to  26°  33'  50''  gives  26°  33'  54" 
for  the  arc  of  which  x is  the  co-tangent.  And  if  to  twice  the 
log.  co- tangent  of  this  arc  the  logarithm  of  a (10)  he  added, 
the  fum  (1.6020600)  is  the  log.  of  40,  the  value  of  a fought. 


EXAMPLE  VI. 

The  equation  refulting  from  a folution  of  the  famous  problem 
of  ALHA2EN  may  be  given  as  another  example  of  the  life  of  this 
method.  Many  folution s of  this  celebrated  problem,  by  huy- 
gens,  slustus,  and  others,  may  be  met  with  in  the  Philofo- 
phical  Tnmfadiions.  Solutions  to  it  may  alfo  be  found  at  ther 
end  of  Dr.  RonRRT  simpson’s  Conic  Sections,  in  Dr.  smith’s 
Optics,  Mr.  robin’s  . Mathematical  Trafts,  and  other  places  ; 
but  the  moft  direct  and  obvious  method  is,  perhaps,  that  which 
follows. 

Put  a ==  DC;  b = t/C,  r = CI ; x = CB  andy  = CE,  the  cofines 
of  the  arcs  I A,.  1H,  to  the  radius  r:  then  will  the  fines  of 

thofe  arcs,.  BA,  EH,  be  expreffed  bv  %/' rz  - x2  and  V r~  — )2 ; 

and, 


of  adfeSled  Equations, 
and,  becaufe  of  the  fimilar  triangles 
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ABC  and  BFC,  HEC  and  dGC, 
r a : — = CE,  r : y/r^x 

r 


,vC^ 


=DF;  r:y::£:^  = CG,  and 

^ r 

tStS—L  = dG;  con- 


r \ •/ rz  - y‘ ::  b : 


■F‘ 

\ r1 

\ 'jr 

i/V 

B / N 

Ficr.  i. 


fequently,  ~ - r = FI,—  — r — GI ; and 

becaufe  the  angles  DIF,  dlG,  are  equal  j|H| 

by  the  nature  of  the  problem,  and  the 

angles  DFI  and  dGl  both  right  angles,  the  triangles  Db  I and 
dG I are  alfo  fimilar,  and  confequently 


ax 


- r 


v2  . by 


r ; and 


V rz  — a2 

y 


r V r‘ 


C, 


2-/ 


rz—f 


or 


7 — ; or,  the  co-fecant  of  the 
bVF- 3/  ^ S -x 

arc  HI  -4-  3 - co-fecant  of  jAI  -*■  = the  co-tangent  HI  -f-r  - co- 

tangent Al-r-r;  or,  laftly,  the  co-tangent  of  HI  - co-tangent 

of  AI  = co-fecant  of  HI  x r-  - co-fecant  Al*  y Confequently, 

we  have  to  find  two  arcs,  the  fum  of  which  is  given,  and  fucli 

that  the  difference  of  their  co-tangents  may  be  equal  to  the  dif- 
ference of  the  produds  of  their  co-fecauts  into  given  quan- 
titles. 

To  do  this  affume  the  angle  DCF  as  near  as  poffible  ; and, 
becaufe  the  fum  of  the  two  angles  is  given,  the  angle  ^CG  will 
be  known  alfo.  Take  the  difference  of  the  logarithms  of  r and 
r and  b,  which  will  be  conftant,  alfo  the  difference  of  tne 
co-tangents  of  the  two  affumed  arcs,  and  having  taken  out  the 
log.  co-fecants,  add  to  them  refpedively  the  two  logaiithmic 

Qq  q 2 differences. 
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differences.  Find  the  numbers  correfponding  to  thefe  two 
films,  and  if  the  difference  of  thefe  two  numbers  be  equal  to 
the  difference  of  the  co-tangents,  the  angle  DCF  was  rightly 
aflumed  ; but  as  that  will  feldom  happen,  take  the  difference, 
or  error;  affume  the  angle  DCF  again,  repeat  the  operation, 
and  find  the  error  as  before.  Then,  as  the  fum  of  the  errors, 
if  one  of  them  was  too  great,  and  the  other  too  little,  or  their 
difference,  if  both  were  too  great,  or  both  too  little,  is  to  the 
difference  of  thefe  affumptions,  fo  is  the  lefs  error  to  a number 
of  minutes  and  feconds,  which  muff  be  added  to  that  afiiimp- 
tion  to  which  the  leaf!:  error  belongs,  if  that  aflumption  wras  too 
fmall ; or  fubtra£led  from  it,  if  the  aflumption  wTas  too  great : 
and,  unlefs  the  firfl:  aflumption  was  made  very  wide  of  the 
truth,  which  may  always  be  avoided,  the  two  angles  will  gene- 
rally be  obtained  within  a few  feconds  of  the  truth,  and,  by 
repeating  the  operation  once  more,  to  the  utmoft  exa&nefs. 

SuppofeDC  ( a ) be  taken  equal  to  72,  dC  (^  = 48,  and  the 
radius  Cl  (r)  = 40,  the  angle  T)Cd  being  82°  45':  then  the 
whole  operation  will  ftand  as  follows  : 

/•  = 4©log.  11.6020600  - - 11.6020600 

/z  = 72  log.  l'^S7332S  ^ = 48  log.  1.6812412 

Conftant  log.  9.7446275  Conftant  log.  9.9208188 

Now,  in  the  two  triangles  DCI,  dCI , the  angles  DIC  and 
dIC  being  equal,  and  Cl  common,  but  dC  confiderably  lefs 
than  DC,  it  is  manifeft,  that  the  angle  dCI  will  be  confiderably 
lefs  than  the  angle  DCI : let  them  be  aflumed  in  the  proportion 
that  DC  bears  to  its  excefs  above  dC  ; in  which  cafe  the  angle 
dCI  will  be  270  35'  and  DCI  550  io'.  The  co-tangent  of  the 
former  will  be  1.9141795,  of  the  latter  .6958813;  and  the 
difference  of  them  1,2182982,  The  log.  co-fecants  of  thofe 

two 
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two  angles  are  10.3343832  and  10.0857536,  which  being  re- 
lpeCtively  increafed  by  9.9208188  and  9.7446275,  the  two 
conftant  logarithms,  make  0.2552020  and  9.8304811,  which 
are  the  logarithms  of  1.7997079  and  .6768323  ; and  the  dif- 
ference of  thefe  two  numbers' is  1.1228756,  which  is  lefs  than 
the  difference  of  the  log.  co-tangents  by  .0954226. 

I next  aflume  the  angles  30°  and  52°  45' ; and  by  purfuing 
the  fame  fteps  which  have  been  defcribed  above,  I find  the  dif- 
ference of  their  co-tangents  exceeds  the  difference  of  the  pro- 
ducts by  .0028987.  Then,  as  925239  (the  difference  of  the 
errors.)  is  to  145'  (the  difference  of  fuppofitions),  fo  is  the  latter 
error  28987  to  4'  33",  which  being  added  to  30°,  gives 
30°  a!  33^  for  the  next  aifumption  of  the  angle  dCl ; but  for 
eafe  in  the  computation  I fhall  take  30°  5' ; in  which  cafe  the 
angle  DCI  will  be  520  40' ; and  by  repeating  the  operation  the 
difference  of  the  co-tangents  will  be  found  lefs  than  the  dif- 
ference of  the  produCls  by  .0002425.  And  51412  (the  fum  of 
the  two  laft  errors)  is  to  5'  (the  difference  of  the  fuppo|hipns) 
as  2425  (the  laft  error)  is  to  23";  which  being  taken1  Jffim 
30°  5',  the  laft  fuppofition,  becaufe  it  was  too  great,  leaves 
30°  4'  37"  for  the  exaCt  value  of  the  angle  */CX. 

This  equation,  like  that  in  the  fourth  example,  when,  the 
value  of  y is  properly  fubftituted,  and  the  equation  reduced  in 
the  ufual  manner,  will  rife  to  four  dimenfions  with  all  the 
inferior  ones ; and  it  does  not  appear,  that  either  huygens, 
slusius,  Mr.  robins,  Dr.  willson,  or  P.rofeflbr  simson, 
with  all  their  artifice,  have  been  able  to  deprefs  it : but  by  .this 
method  of  refolution  the  point  of  reflection  is  found,  with  the 
greateft  exaCtnefs,  in  much  lefs  time  than  this  fubftitution  and 
reduction  can  be  made.  And  this  example  farther  fuggefts  to 
us,  that  when  the  anfwTer  is  fought  by  the  method  now  under 
2 con  fir 


476  Mr.  wales  on  the  Refoluibn 

cmifideratiofi,  It  is  not  always  neceffary  to  exterminate  all  the 
unknown  quantities  but  one. 

EXAMPLE  VII. 

Suppofe  the  equation  to  be  refolved  were  a = .375  = 
i6y'=p:4j/4  — 20^3dt:4jv2  + 5y  : and,  firft,  let  the  upper  ligns 
hate  place,  and  it  is  manifeft,  that  the  latter  fide  of  the  equa- 
tion may  bo- divided  into  two  parts;  namely,  4)'2  - 4 v4  = 
47s  • 1 ~\~y  • 1 -y>  and  1 6y5  - 20 y3  + sy  =y5  - 1 0/  . I +y  . T^y 
4-  Sy  • 1 +jyr  • 1 — jy12.  But  the  former  part  is  (by  tab.  I.)  the 
fquare  of  the  fine  of  twice  the  arc  which  has y for  its  fine  (radius 
being  = 1)  and  the  latter  part  the  fine  of  five  times  the  fame 
arc.  Hence,  therefore,  the  given  quantity  (~  .375)  is  equal 
to  the  fum  of  the  fine  of  five  times  the  arc  (A)  which  has  y 
for  its  fine,  and  the  fquare  of  the  fine  of  twice  the  fame 
arc.  Now,  as  the  fquare  of  the  fine  of  twice  the  arc  (A) 
muft  rieceffarily  in  this  inftance  be  very  fmall  in  comparifon  of 
the  fine  of  five  times  the  fame  arc  (A),  it  is  manifeft,  that  the 
fine  of  five  times  the  arc  which  has  y for  its  fine  will  be  very 
little  lefs  than  .375,  and  of  courfe  that  arc  (5A)  can  be  but 
very  little  lefs  than  220  2',  the  fine  of  which  is  next  greater 
than  that  number.  Affume  it  210,  and  the  fifth  part  of  it,  or 
that  arc  which  hasy  for  its  fine,  will  be  40  12',  the  double  of 
which  is  8°  24k  Now  the  log.  fine  of  8°  24'  is  9.1645998, 
which  being  doubled  is  8.3291996,  the  logarithm  of  .0213403, 
and  this  number  being  taken  from  .375  leaves  *3536597, 
which  ought  to  have  been  *3583679,  the  fine  of  210,  and  of 
courfe  is  too  fmall  by  .0047082  : the  arc  has,  therefore,  been 
affumed  too  great. 


Let 
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Let  2o°  45'  be  next  aflumed  ; the  fifth  part  of  which 
is  40  9',  and  twice  this  laft  number  is  8°  18  , of  which 
the  log.  fine  is  9.1594354;  and  this  being  doubled  is 
8.3188708,  the  log.  of  .0208387;  and  this  being  taken 
from  .3 75  will  leave  .3541613:  lefs  ftill  than  the  fine  of 
200  45'  by-. 0001 297. 

Take  now  20°  44',  the  fifth  of  which  is  40  8'  48",  and 
two-fifths  is  8°  17'  36"  ; and  the  log.  fine  of  this  is  9*1590889, 
which  being  doubled  gives  8.3181778,  the  logarithm  of 
.0208055  ; and  this  being  taken  from  .375,  leaves  .3541945  ; 
more  than  the  fine  20°  44'  by  .0000795.  Nowt  2092  (the 
fum  of  the  laft  two  laft  errors)  is  to  6o7/  as  795  (the 
laft  error)  is  to  23" . Which  being  added  to  20°  44',  the 
laft  aflumption,  gives  20°  44'  23"  for  five  times  the  arc  of 
which  y is  the  fine  : y is  therefore  the  fine  of  40  8'  52". 6, 
or  .07233202. 

When  the  lower  figns  in  the  equation  have  place,  the 
given  quantity  a will  be  equal  to  the  excefs  of  the  fine  of  five 
times  an  arc  above  the  fquare  of  the  fine  of  twice  that  arc  : and 
the  operation,  after  aHupaing,  from  the  circumftances  of  the 
queftion,  or  equation,  an  arc  which  is  nearly  five  times  that 
having  y for  its  fine,  is  this.  Find  the  logarithmic  fine  of 
two-fifths  of  that  arc,  double  it,  find  the  number  correfponcling 
to  this  logarithm,  and  add  to  it  the  value  of  a,  which  fhould 
then  be  equal  to  the  fine  of  the  arc  firft  aflumed ; and  if  it 
is  not,  to  repeat  the  operation  until  an  error  is  obtained  on 
each  fide,  and  not  very  diftant  from  the  truth,  as  is  done  above, 
and  which  may  always  be  done  with  three  aflumptionsi 

A multitude  of  examples  might  be  added  from  the  writings: 
of  different  authors,  who  have  either  left  their  conclufions. 
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unexhibited  in  numbers,  for  want  of  fome  fuch  eafy  method 
as  this,  or  have  done  it  by  means  of  a long  and  laborious 
feries  of  difficult  computations ; which,  befide  the  labour 
attending  them,  are  always  fubjeft  to  a variety  of  errors, 
which  cannot  he  detected,  in  many  cafes,  without  repeating 
the  operation. 
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XXXI.  Experiments  en  the  Power  that  Animals  % when  placed  in 
certain  Circumjlances , pojfefs  of  producing  Cold.  By  Adair 
Crawford,  M.  D. ; communicated  by  Sir  Jofeph  Banks,  Bart.. 

P.  R.  S. 


Read  June  14,  1781* 

IN  the  following  paper  I fhall  lay  before  the  Society  the 
reftilt  of  feme  experiments,  which  I made  in  the  courfe  of 
the  laft  fummer,  on  the  power  that  animals,  when  placed  in  cer- 
tain circumftances,  polfefs,  of  producing  cold,  having  pre~ 
mifed  a few  remarks  on  the  progreffive  improvements  which 
have  been  made  in  the  knowledge  of  heat  in  general. 

The  opinions  of  the  ancients,  refpeCting  the  nature  and  pro- 
perties of  fire,  confifted  of  bold  conjectures,  which  feem 
rather  to  have  been  the  offspring  of  a lively  and  vigorous  ima- 
gination, than  of  a juft  and  correCt  judgement : their  ideas  on 
this  fubjeCt  being  evidently  derived,  not  fo  much  from  an  accu- 
rate obfervation  of  facts,  as  from  thofe  fentiments  of  admira- 
tion and  awe  which  many  of  the  phenomena  of  fire  are  calcu- 
lated to  excite.  Thus,  this  element  was  fuppofed,  on  the  ori- 
ginal formation  of  the  univerfe,  to  have  afcended  to  the  higheft 
place,  and  to  have  occupied  the  region  of  the  heavens  : it  was 
conceived  to  be  the  principle  which  firft  communicated  life  and 
activity  to  the  animal  kingdom : it  was  confidered  as  confti- 
tuting  the  effence  of  inferior  intellectual  beings  ; and,  by  many 
of  the  ancient  nations,  it  was  reverenced  as  the  fupreme  Deity. 
Indeed  the  profound  veneration  with  which  the  element  of 
Vol,  LXXI.  R r r fir® 
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fire  was  contemplated,  for  a long  fucceflion  of  ages,  by  a great 
pait  of  mankind,  appears  to  be  one  of  the  moll  curious  cir- 
cumftances  in  the  hiftory  of  antient  opinions.  To  account  for 
this  we  may  obferve,  that  there  is  no  principle  in  nature,  ob- 
vious to  the  fenfes,  which  produces  fuch  important  effeds  in 
material  fyftem,  and  which,  at  the  fame  time,  in  the  mode 
of  its  operation,  is  fo  obfcure  and  incomprehenfible. 

It  appears  to  be  accumulated  in  an  immenfe  quantity  in  the 
fun  and  fixed  flars,  from  whence  its  beneficial  influence  feems 
to  be  continually  diffufed  over  the  Univerfe : it  is  the  great 
inftrument  by  means  of  which  the  changes  of  the  feafons  are 
effeded ; the  diverfity  of  climates  is  chiefly  owing  to  the 
various  proportions  in  which  it  is  diftributed  throughout  the 
earth.  If  we  add  to  this  the  mighty  alterations  which  have 
been  produced  in  human  affairs  by  the  introdudion  of  artificial 
fire,  by  its  employment  in  the  reparation  of  metals  from  their 
ores,  and  in  the  various  arts  which  are  fubfervient  to  the 
comfort,  the  ornament,  and  the  prefervation,  of  the  fpecies.. 
it  will  not  appear  furprizing,  that  in  a rude  and  ignorant,  age!’ 
this  wonderful  principle  fhould  have  been  confidered  as  endued 
with  life  and  intelligence,  and  that  it  fhould  have  become  the 
objed  of  religious  veneration. 

In  the  dark  ages  the  alchymifls  regarded  pure  fire  as  the 
refidence  of  the  Deity  : they  conceived  it  to  be  uncreated  and 
immenfe,  and  attributed  to  its  influence  moll  of  the  pheno- 
mena of  nature.  Indeed,  it  is  not  wonderful  that  they  fhould 
have  affigned  it  a high  rank  in  the  fcale  of  being,  as  it  was  the 
great  agent  which  they  employed  in  the  chymical  analyfis  of 
bodies,  and  was  the  inftrument  of  thofe  difcoveries  that  attraded 
fuch  univerfal  admiration,  and  that  enabled  them  fo  fucceff- 
fully  to  impofe  upon  the  ignorance  and  credulity  of  the  times. 

Upon 
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Upon  the  revival  of  literature,  the  importance  of  this 
.branch  of  fcience  began  very  foon  to  engage  the  attention 
of  philofophers.  It  could  not  efcape  the  general  obfervadon, 
In  a penetrating  and  inquiiitive  age,  when  the  powers 
of  the  human  mind  were  employed  with  fo  much  , ardour 
and  fuccefs  in  exploring  the  operations  of  nature,  that  the 
element  of  fire  acts  a principal  part  in  the  fyftem  of  the 
world ; that  by  the  influence  of  this  element  thofe  motions 
are  begun  and  fupported  in  the  animal  and  vegetable  king- 
doms, which  are  eflential  to  the  production  ana  piefervati 
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combinations  and  decompoiitions,  by  which  all  things  on  the 
furface  of  the  earth,  and  probably  throughout  the  univerfe, 
are  kept  in  a continual  fluctuation. 

But  though  the  utility  of  this  branch  of  fcience  was  per- 
ceived, yet  the  progrefs  that  was  made  in  the  cultivation  of  it 
did  not  keep  pace  with  the  opinion  which  men  entertained  of 
its  importance.  Our  fenfes  inform  us,  that  heat  has  a real 
exiftence,  but  they  give  us  no  direct  information  with  regard  to 
its  nature  and  properties : it  is  endowed  with  fuch  infinite  fub- 
tilty,  that  it  has  been  called,  by  a very  eminent  philofopher,  an 
occult  quality  : by  fome  it  has  even  been  con  fide  red  as  an  im- 
material being.  It  is,  therefore,  with  great  difficulty  that  it  can 
be  made  the  fubjeCt  of  philofophical  inveftigation  ; and  hence 
the  opinions  of  men  concerning  it  have  been  fluctuating  and 
various,  and  the  words  which  exprefs  it  vague  and  ambiguous. 

The  firfl:  ftep  that  was  taken  with  a view  to  the  cultiva- 
tion of  this  branch  of  fcience  was  the  conftruftion  of  a ma- 
chine for  meafuring  the  variations  of  fenfible  heat ; obferving, 
that  heat  has  the  power  of  expanding  bodies,  and  confidering 
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the  degree  of  expanfion  as  proportional  to  the  increafe  of  hear, 
philofophers  have  endeavoured  by  means  of  the  former  to  ren- 
der the  latter  obvious  to  the  fenfes. 

To  this  important  invention,  the  author  of  which  cannot 
be  diftinctly  traced,  we  are  indebted  for  all  the  lucceeding  im- 
provements in  the  philofophy  of  heat.  By  means  of  it  men 
were  enabled  to  eftablifh  a variety  of  interefting  fads,  and  to 
bring  fome  of  the  moll  obfcure  and  intricate  phenomena  of 
nature  to  the  teft  of  experiment.  The  opinion,  that  the  heats 
inherent  in  various  heterogeneous  fubftances  differed  from  each 
other  in  kmd,  as  well  as  in  degree,  was  now  exploded,  fince  all 
were  found  to  produce  fimilar  effefts  upon  the  thermometer. 

_ ® mcreafe  and  diminution  of  temperature  in  the  different 
ieafons  and  climates,  the  laws  which  nature  obferves  in  the 
heating  and  cooling  of  bodies,  the  melting,  the  vaporific,  and 
mining  points,  and  the  degrees  of  heat  in  the  animal  the 
mineral,  and  the  vegetable  kingdoms,  were  accurately  deter- 
mined  . In  confequence  of  the  attention  that  was  paid  to 
this  fubjeft,  many  curious  queftions  arofe,  which  have  long 
exercifed  the  ingenuity  of  philofophers.  That  property  of 
neat  by  which  it  is  capable  of  expanding  the  denfeft  and  hardeft 
odies;  its  p0Wer  in  producing  fluidity;  its  tendency  to  an 
equilibrium ; and  the  caufes  of  its  various  diftribution  through- 
out  the  different  fubftances  in-  nature,  have  become  the  objefts 
of  philosophical  enquiry.  It  was  obferved,  that  fome  bodies 
on  expofure  to  heat,  become  red  and  luminous,  but  are  inca- 
pable of  producing  flame,  or  of  maintaining  fire:,  that  on 
the  contrary,  others,  by  the  application  of  fire,  and  the  con- 
tu  ° ie  a*r’  kindle  into  flame,  and  continue  to  emit  light 
eat,  apparently  from  a fource  within  themfelves,  till  they 
axe  con  umed.  Hence  arofe  the  queftions  concerning  the  pabu- 
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ium  of  fire,  the  ufe  of  the  air  in  inflammation,  and  the  diftinc- 
tion  of  bodies  into  combuftible  and  incombuftible. 

From  the  firft  dawnings  of  philofophy  it  muft  have  been 
perceived,  that  moft  animals  have  a higher  temperature  than 
the  medium  in  which  they  live  ; and  that  a conftant  fucceffion 
of  frelh  air  is  neceflary  to  the  fupport  of  animal  life.  The 
caufes  of  thefe  phenomena  have  afforded  matter  for  much  fpe- 
culation  in  ancient  as  well  as  modern  times : but  the  difcovery 
that  animals  have,  in  certain  circumftances,  the  power  of 
keeping  themfelves  at  a lower  temperature  than  the  furfounding 
medium,  was  referved  for  the  induftry  of  the  prefent  age. 

This  difcovery  feems  originally  to  have  arifen  from  obferva- 
tions  on  the  heat  of  the  human  body  in  warm  climates.  It 
was  mentioned  by  Governor  ellis  in  1758  ; it  was  taught  by 
Dr.  cullen  before  the  year  1765  ; and  at  length  it  was  com- 
pletely eftablifhed  by  the  experiments  of  Dr.  fordyce  in 
heated  rooms,  which  were  laid  before  the  Society  in  1774. 

In  the  courfe  of  thefe  experiments  the  dodtor  remained  in  a 
moift  air  heated  to  1 30°  for  the  fpace  of  fifteen  minutes,  during 
which  time  the  thermometer  under  his  tongue  flood  at  1 oo°. 
his  pulfe  made  139  beats  in  a minute,  his  refpiration  was  but 
little  affedted,  and  ftreams  of  water  ran  down  over  his 
whole  body,  proceeding  from  the  condenfation  of  vapour,  as 
evidently  appeared  from  a fimilar  condenfation  on  the  fide  of  a 
Florentine  flalk  that  had  been  filled  with  water  at  1 oo°. 

He  found,  however,  that  he  could  bear  a much  greater 
degree  of  heat  when  the  air  was  dry.  In  this  fituation,  he 
frequently  fupported,  naked,  for  a confiderable  time,  without 
much  inconvenience,  the  heat  of  260°,  his  body  preferving 
very  nearly  its  proper  temperature,  being  never  railed  more 
than  20  above  the  natural  ftandard. 

Various 


4.84  Dr.  Crawford  on  the  Power  that 

Various  opinions  have  been  entertained  with  regard  to  the 
caufes  of  the  fadls  which  were  eftablifhed  by  thefe  experiments. 
Some  have  attributed  the  cold  folely  to  evaporation,  and  have 
conceived  that  the  fame  degree  of  refrigeration  would  have 
been  produced  by  an  equal  mafs  of  dead  matter,  containing  an 
equal  quantity  of  moifture.  Others  have  affirmed,  that 
the  cold  did  not  arife  folely  from  this  caufe ; but  have 
maintained,  that  it  depended  partly  upon  the  energy  of  the 
vital  principle,  being  greater  than  what  would  have  been  pro- 
duced by  an  equal  mafs  of  inanimate  matter. 

The  ingenious  Dr.  munro,  of  Edinburgh,  aferibes  the  cold 
in  the  above  mentioned  experiments  to  the  circulation  of  the 
blood,  in  confequence  of  which  the  warmer  fluids  are  conti- 
nually propelled  from  the  furface  towards  the  center,  where 
they  are  mixed  with  blood  at  a lower  temperature,  and  hence 
the  animal  is  {lowly  heated,  in  the  fame  manner  as  the  water  in 
a deep  lake,  during  the  winter,  is  flowly  cooled,  and  not  with- 
out a long  continuance  of  froft  congealed,  no  part  of  it  becom- 
ing folid  till  the  whole  is  brought  down  to  the  freezing  point. 

The  following  experiments  were  made  with  a view  to  deter- 
mine with  greater  certainty  the  caufes  of  the  refrigeration  in 
the  above  inftances. 

To  difeover  whether  the  cold  produced  by  a living  animal, 
placed  in  air  hotter  than  its  body,  be  not  greater  than  what 
would  he  produced  by  an  equal  mafs  of  inanimate  matter,  I 
took  a living  and  a dead  frog,  equally  moift,  and  of  nearly  the 
fame  bulk,  the  former  of  which  was  at  67%  the  latter  at  68°, 
and  laid  them  upon  flannel  in  air  which  had  been  raifed  to  ic6°. 
In  the  courfe  of  twenty-five  minutes  the  order  of  heating 
was  as  follows  *. 

* I11  the  two  following  experiments  the  thermoneters  were  placed  in  contaft 
with  the  ikin  of  the  animals  under  the  axillas. 


In 
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The  thermometer  being  introduced  into  the  ftomach,  the 
internal  heat  of  the  animals  was  found  to  be  the  fame  with 
that  at  the  furface. 

From  hence  it  appears,  that  the  living  frog  acquired  heat 
more  {lowly  than  the  dead  one.  Its  vital  powers  muft,  there- 
fore, have  been  adtive  in  the  generation  of  cold. 

To  determine  whether  the  cold  produced  in  this  inftance  de- 
pended folely  upon  the  evaporation  from  the  furface,  increafed 
by  the  energy  of  the  vital  principle,  a living  and  dead  frog 
were  taken  at  75%  and  were  immerfed  in  water  at  930,  the 
living  frog  being  placed  in  fuch  a fituation  as  not  to  interrupt 
refpiration* 


/ 
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Living  frog. 
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Thefe  experiments  prove,  that  living  frogs  have  the  faculty 
of  refilling  heat,  or  producing  cold,  when  immerfed  in  warm 
water:  and  the  experiments  of  Dr.  fordyce  prove,  that  the 
human  body  has  the  fame  power  in  a moift  as  well  as  in  a dry 

* In  the  above  experiment  the  water,  by  the  cold  frogs  and  by  the  agitation 
which  it  fuffered  during  their  immerfion,  was  reduced  nearly  to  9i°|. 
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air : it  is  therefore  highly  probable,  that  this  power  does  not 

'depend  folelv  upon  evaporation. 

It  may  not  be  improper  here  to  obferve,  that  healthy  frogs, 
in  an  atmofphere  above  70°,  keep  themfelves  at  a lower  tempe- 
rature than  the  external  air,  but  are  warmer  internally  than 
at  the  furface  of  their  bodies  : for  when  the  air  was  770,  a frog 
was  found  to  be  68%  the  thermometer  being  placed  in  contact 
with  the  Ikin  ; but  when  the  thermometer  was  introduced  into 
the  ilomach,  it  rofe  to  70°!. 

It  may  likewife  be  proper  to  mention,  that  an  animal  of  the 
fame  fpecies  placed  in  water  at  6i°,  was  found  to  be  nearly 
6i°J  at  the  furface,  and  internally  it  was  66°1.  Thefe  ob- 
fervations  are  meant  to  extend  only  to  frogs  living  in  air  or 
water  at  the  common  temperature  of  the  atmofphere  in  fum- 
mer.  They  do  not  hold  with  refpeft  to  thofe  animals,  when 
plunged . fuddenly  into  a warm  medium,  as  in  the  preceding 
experiments. 

To  determine  whether  other  animals  alfohave  the  power  of 
producing  cold,  when  furrounded  with  water  above  the  ftan- 
dard  of  their  natural  heat,  a dog  at  102°  was  immerfed  in 
water  at  1x4°,  the  thermometer  being  clofely  applied  to  the 
Ikin  under  the  axilla,  and  fo  much  of  his  head  being  uncovered 
as  to  allow  him  a free  refpiration. 

In  5 minutes  the  dog  was  1080,  water  1120 

6 - - 109  - 1 1 2 

1 1 ~ - 108  «-  1 1 2 the  refpiration 

having  become  very  rapid. 

In  thirteen  minutes  the  dog  was  1080,  water  112%  the  re- 
spiration being  ftill  more  rapid. 

In  about  half  an  hour  the  dog  was  109%  water  112%  the 
animal  was  then  in  a very  languid  ftate. 


Small 
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Small  quantities  of  blood  being  drawn  from  the  femoral 
artery,  and  from  a contiguous  vein,  the  temperature  did  not 
feem  to  be  much  increafed  above  the  natural  ftandard,  and  the 
fenfible  heat  of  the  former  appeared  to  be  nearly  the  fame  with 
that  of  the  latter. 

In  this  experiment  a remarkable  change  was  produced  in  the 
appearance  of  the  venous  blood  : for  it  is  well  known,  that  in  the 
natural  ftate,  the  colour  of  the  venous  blood  is  a dark  red,  that 
of  the  arterial  being  light  and  florid ; but  after  the  animal,  in 
the  experiment  in  queftion,  had  been  immerfed  in  warm  water 
for  half  an  hour,  the  venous  blood  affirmed  very  nearly  the  hue 
of  the  arterial,  and  refembled  it  fo  much  in  appearance,  that  it 
was  difficult  to  diftinguiffi  between  them.  It  is  proper  to  oI> 
ferve,  that  the  animal  which  was  the  fubjefl:  of  this  experi- 
ment, had  been  previoufiy  weakened  by  doling  a confiderable 
quantity  of  blood  a few  days  before.  When  the  experiment 
was  repeated  with  dogs  which  had  not  fullered  a fimilar  evacua- 
tion, the  change  in  the  colour  of  the  venous  blood  was  more 
gradual ; but  in  every  inftance  in  which  the  trial  was  made, 
and  it  was  repeated  fix  times,  the  alteration  was  fo  remarkable, 
that  the  blood  which  was  taken  in  the  warm  bath  could  readily 
be  diftinguifhed  from  that  which  had'  been  taken  from  the  fame 
vein  before  immerfion,  by  thofe  who  were  unacquainted  with 
the  motives  or  circumftances  of  the  experiment. 

To  difcover  whether  a fimilar  change  would  be  produced 
in  the  colour  of  the  venous  blood  in  hot  air,  a dog  at  102°  was 
placed  in  air  at  13  40. 

In  ten  minutes  the  temperature  of  the  dog  was  104°!,  that 
of  the  air  being  130.  In  fifteen  minutes  the  dog  was  106°,  the 
air  130°.  A final!  quantity  of  blood  was  then  taken  from  the 
Vol.  LXXI.  S f f jugular 
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jugular  vein,  the  colour  of  which  was  fenfibly  altered,  being 
much  lighter  than  in  the  natural  ftate. 

The  effect  which  is  produced  by  external  heat  upon  the  co- 
lour of  the  venous  blood,  feems  to  confirm  the  following  opinion,: 
which  was  firft  fuggefted  by  my  worthy  and  ingenious  friend* 
Mr.  Wilson,  of  Glafgpw.  Admitting  that  the  fenfible  heat  of 
animals  depends  upon  the  feparation  of  abfolute  heat  from  the 
blood  by  means  or  its  union  with  the  phlogiftic  principle  in  the 
minute  vefiels,  may  there  not  be  a certain  temperature  at  which* 
that  fluid  is  no  longer  capable  of  combining  with  phlogifton, 
and  at  which  it  muft  of  courfe  ceafe  to  give  off  heat  ? It  was 
partly  with  a view  to  inveftigate  the  truth  of  this  opinion  that 
I was  led  to  make  the  experiments  recited  above. 

I fhall  now  endeavour,  from  the  preceding  fadts,  to  explain: 
what  appear  to  me  to  be  the  true  caufes  of  the  cold  produced 
by  animals  when  placed  in  a medium,  the  temperature  of  which 
is  above  the  ftandard  of  their  natural  heat. 

In  a work  which  Ifome  time  ago  laid  before  the  public,  hav- 
ing attempted  to  prove,  that  animal  heat  depends  upon  the  repa- 
ration of  elementary  fire  from  the  air  in  the  procefs  of  refpira- 
tion,  I obferved,  that  when  an  animal  is  placed  in  a warm 
medium,  if  the  evaporation  from  the  lungs  be  increafed  to  a 
certain  degree,  the  whole  of  the  heat  feparated  from  the  air 
will  be  abforbed-  by  the  aqueous  vapour. 

From  the  experiments  on  venous  and  arterial  blood,  recited 
in  the  third  fedtiori  of  that  work,  it  appears,  that  the  capacity' 
of  the  blood  for  containing  heat  is  fo  much  augmented  in  the 
lungs,  that,  if  its  temperature  were  not  fupported  by  the  heat 
which  is  feparated  from  the  air,  in  the  procefs  of  refipiration,  it 
would  fink  30°.  Hence,  if  the  evaporation  from  the  lungs  be  fa 
much  increafed  as  to  carry  off  the  whole  of  the.  heat  ..that  is 

detached 
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detached  from  the  air,  the  arterial  blood  when  it  returns  by  the 
pulmonary  vein  will  have  its  fenfible  heat  greatly  diminifhed, 
and  will  confequently  abforb  heat  from  the  veffels  which  are  in 
contad  with  it,  and  from  the  parts  adjacent.  The  heat  which 
is  thus  abforbed  in  the  greater  veffels  will  again  be  extricated 
in  the  capillaries,  where  the  blood  receives  a frefh  addition  of 
phlogifton.  If,  in  thefe  circumftances,  the  blood  during  each 
revolution  were  to  be  equally  impregnated  with  this  latter  prin- 
ciple, it  is  manifeff,  that  the  whole  effed  of  the  above  procefs 
would  be  to  cool  the  fyftem  at  the  center,  and  to  heat  it  at  the 
furface ; or  to  convey  the  heat  to  that  part  of  the  body  where 
it  is  capable  of  being  inftantly  carried  off  by  evaporation.  But 
it  appears,  from  the  experiments  which  have  been  laft  recited, 
that,  when  an  animal  is  placed  in  a heated  medium,  the  fan- 
guineous  mafs,  during  each  revolution,  \§  lefs impregnated  with 
phlogifton  ; for  we  have  feen,  that  the  venous  blood,  in  thefe 
circumftances,  becomes  gradually  paler  and  paler  in  its  colour 
tillatTength  it  acquires  very  nearly  the  appearance  of  the  ar- 
terial : and  it  is  rendered  highly  probable  by  the  experiments  of 
Dr.  Priestley,  that  the  dark  and  livid  colour  of  the  blood  in 
the  veins  depends  upon  its  combination  with  phlogifton  in  the 
minute  veflels.  Since,  therefore,  in  a heated  medium,  this  fluid 
does  not  affume  the  fame  livid  hue,  we  may  conclude,  that  it 
does  not  attract  an  equal  quantity  of  the  phlogiftic  principle  %: 


* It  is  of  no  confequence  in  the  above  argument,  whether  we  fuppofe,  with 
Pr.  PRLfesTLEY,  that  the  alteration  of  colour  in  the  blood  depends  upon  its  com- 
bination with  phlogifton  in  the  capillary  arteries,  or  maintain  with  foijne  other 
philofophers  that  this  alteration  arifes  from  a change  produced  in  the  bibod  itfelf  by 
f|e  a&ion  of  the  veffels ; it  is  fufficicnt.  for  our  purpofe  to  affume  if  as  a facY, 
which,  I thinlc,  has  been  proved  by  direct’ experiment, ; that-, ''in  the  natural  Ritte 
of-  the-  anitnalj  'the^blood  undergoes'  ^ change  m-t-he  bapparies],:’'hyj which. cjapgt 
city^  for  containing  heat  diminifhed  ; and  that  in  a heated ryngji^rDy  4 [does  not 


a fimilar  change* 
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It  follows,  that  the  quantity  of  heat  given  off  by  the  blood 
in  the  capillaries  will  not  be  equal  to  that  which  it  had  ab- 
forbed  in  the  greater  veflels,  or  pofitive  cold  will  be  produced. 
If  the  blood,  for  example,  in  its  paflage  to  the  capillaries,  ab- 
forb  from  the  greater  veflels  a quantity  of  heat  as  30°,  and  if 
in  confequence  of  its  receiving  a lefs  impregnation  of  phlo- 
gifton  than  formerly,  it  give  off  at  the  extreme  veflels  a quan- 
tity of  heat  only  as  20°,  it  is  manifeft,  that  upon  the  whole  a 
degree  of  refrigeration  will  be  produced  as  ro°,  and  this  caufc 
of  refrigeration  will  continue  to  a<ft  while  the  venous  blood  is 
gradually  afluming  the  hue  of  the  arterial,  till  the  difference 
between  them  is  obliterated ; after  which  it  will  ceafe  to  ope- 
rate. Thus  it  appears,  that  when  animals  are  placed  in  a 
warm  medium,  the  fame  procefs  which  formerly  fupplied 
them  with  heat  becomes  for  a time  the  inftrument  of  pro- 
ducing cold,  and  probably  preferves  them  from  fuch  rapid  alte- 
rations of  temperature  as  might  be  fatal  to  life. 

Upon  the  whole,  the  increafed  evaporation,  the  diminution 
of  that  power  by  which  the  blood  in  the  natural  ftate  is  im- 
pregnated with  phlogifton,  and  the  conftant  reflux  of  the 
heated  fluids  towards  the  internal  parts,  feem  to  be  the  great 
caufes  upon  which  the  refrigeration  depends.  Having  found 
that  the  attraction  of  the  blood  to  phlogifton  was  diminifhed  by 
heat,  it  appeared  probable,  on  the  other  hand,  that  it  would  be 
increafed  by  cold.  To  determine  this,  a dog  at  ioo°  was  im- 
merfed  in  water  nearly  at  450.  In  about  a quarter  of  an  hour 
a fmall  quantity  of  blood  was  taken  from  the  jugular  vein, 
which  was  evidently  much  deeper  in  its  colour  than  that  which 
had  been  taken  in  the  warm  bath,  and  appeared  to  me,  as  well 
as  to  feveral  other  gentlemen,  to  be  the  darkeft  venous  blood 
we  had  ever  feen. 
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From  this  experiment,  compared  with  thofe  which  have 
been  recited  above,  we  may  perceive  the  reafon  why  animals 
preferve  an  equal  temperature,  notwithstanding  the  great  varia- 
tions in  the  heat  of  the  atmofphere,  arifing  from  the  viciffi- 
tudes  of  the  weather,  and  the  difference  of  feafon  and  climate  : 
for,  as  loon  as  by  expofure  to  external  cold,  an  unufual  diffipa- 
tion  of  the  vital  heat  is  produced,  the  blood,  in  the  courfe  of’ 
the  circulation,  begins  to  be  more  deeply  impregnated,  with  the 
phlogistic  principle.  It  will  therefore  furnifh  a more  copious 
fupply  of  this  principle  to  the  air  in  the  lungs,  and  will  imbibe 
a greater  quantity  of  fire  in  return. 

In  fummer,  on  the  contrary,  the  reverfe  of  this  will  take 
place,  lefs  phlogifton  will  be  attracted  in  the  minute  veflels, 
and  lefs  fire  will  be  abforbed  from  the  air. 

And  hence  the  power  of  generating  heat  is  in  all  cafes  pro- 
portioned to  the  demand.  It  is  increafed  by  the  winter  colds, 
diminifhed  by  the  fummer  heats  : it  is  totally  fufpended  or  con- 
verted into  a contrary  power,  according  as  the  exigencies  of  the 
animal  may  require. 

From  the  changes  which  are  produced  in  the  colour  of  the 
venous  blood  by  heat  and  cold,  we  may  likewife  perceive  the 
reafon  why  the  temperature  of  the  body  is  frequently  increafed 
by  plunging  fuddenly  into  cold  water,  and  why  the  warm  bath 
has  fuch  powerful  effe&s  in  cooling  the  fyftem,  and  in  removing 
a general  or  partial  tendency  to  inflammation. 
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XXXII.  Account  of  a Comet.  By  Mr . Herfchel,  F.  R.  S. ; 
communicated  by  Dr.  Watfon,  >«.  / Bath,  F.  F.  £ 


‘ 1 f,  o': 


Read  April  26,  1781. 

N Tueffiay  the  13th  of  March,  between  ten  and  eleven 
^ in  the  evening,  while  I was  examining  the  fmall  liars  in 
the  neighbourhood  of  H Geminorum,  I perceived  one  that  ap- 
peared vlftbiy  larger  than  the  reft  : being  ftruck  with  its  uncom- 
mon magnitude,  I compared  it  to  H Geminorum  and  the  fmall 
ftar  in  the  quartile  between  Auriga  and  Gemini,  and  finding  it 
fo  much  larger  than  either  of  them,  fufpeded  it  to  be  a comet.  - 
I was  then  engaged  in  aferies  of  obfervations  on  the  parallax- 
of  the  fixed  ftars,  which  I hope  foon  to  have  the  honour  of 
laying  before  the  RoyalSociety ; and  thofe  obfervations  requiring 
very  high  powers,  1 had  ready  at  hand  the  ftveral  magnifiers 
of  227  460  022,  1536,  2010,  &c.  all  which  I have  fuc-' 

cefifufty  Uted  upon  that  occafion.  The  power  I had  on  whew 
I firft  few  the  comet  was  From  experience  knew  that, 

the  diameters  of  the  fixed  ftars  are  not  proportionally  magnified 
with  higher  powers,  as  the  planets  are  t therefore  I now  put  on 
the  powers  of  460  and  93a.  and  found  the  diameter  of  he 
comet  increafed  in  proportion  to  the  power  as  it  ought • «° 
on  a fuppofition  of  its  not  being  a fixed  ftar,  while  the  dn- 
meters  of  the  ftars  to  which  I compared  it  were  not  increafed 
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m tne  fame  ratio.  Moreover,  the  comet  being  magnified  much; 
beyond  what  its  light,  would- admit  of,  appeared  hazy  and  ill- 
defined  with  thefe  great  powers,  while  the  flairs  preserved  that 
Iuftre  and  diftin&nefs  which  from  many  thoufand  obfervations 
riciiew' they  would  retain , The  fequel  has  fhewn  that  my 
furmifes  were  well  founded,,  this,  proving  to  be  the  Comet'  we 
have  lately  obferved. 

I Have  reduced  all  my  obfervations  upon  this  Comet  to  the 
following  tables.  The  fir  ft  contains  the  meafures  of  the  gra- 
dual increafe  of  the  Comet’s  /diameter.  The  micrometers  I 
ufed,  when  every  circumftan^e  is  favourable,  will  meafure  ex- 
tremely final!  angles,  fuch  as  do  not  exceed  a few  feconds,  true 
to  6,  8,  or  io  thirds  at  mbft  ; and  in  the  worft  fituations  true 
to  20  or  jo  thirds  : I have  therefore  given  the  meafures  of  the 
Comet  s diameter  in  feconds  and  thirds.  And  the  parts  of  my 
micrometer  being  thus  reduced,  I have  alfo  given  all  the  reft  qf 
the  meafures  in  the  fame  manner ; though  in  large  diftances, 
fucn  as  one*  two,  or  three  minutes,  fo  great  an  exadtnefs,  for. 
.fcveral  reafons,  is  not  pretended  to. 
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TABLE 


x.  Meafures  of  the  Comet’s  diameter  *. 


Days. 


March  17 

*9 

21 

28 


April 


29 

2 

6 


18 


//  /// 


2 53 

2 59 

3 33 

4 7 

3 58 

4 7 
4 25 
4 25 

4 53 

5 11 
5 20 
5 2 


Powers. 


932.  460. 

932.  460. 

460. 

932  ) thefe  meafures  agree  to  9"'. 

227  J 

227  rather  too  finall  a mealure. 

227  fcems  right. 

227 

227 

227  very  good ; not  liable  to  half  a fecond  of  error. 
227  true  to  I'z  " or  18  " at  molt. 


Having  meafured  the  diameter  of  the  Comet  with  fuch 
hip-h  power  as  932  and  460,  it  may  not  be  amifs  to  make  one 
abfervation  on  this  fubjeft,  left  it  (hould  be  mifapprehended 
that  I pretend  to  a diftincft  power  of  fuch  magmtude  upon  all 
celeftial  objefts  in  general.  By  experience  I have  found,  that 
the  aberration  or  indiftinftnefs  occaftoned  by  magnifying  much, 
provided  the  objecft  be  ftiil  left  Sufficiently  diftinft,  is  rather  to 
be  put  up  with,  than  the  power  to  be  reduced,  when  the  angles 
to  be  meafured  are  extremely  finalL  The  reafon  of  this  may, 
perhaps,  be  that  a fmall  error  of  judgement,  to  which  we  are 
always  liable,  is  of  great  confequence  with  a low  power,  as 
bearing  a confiderable  proportion  to  the  diameter  of  the  cojed  , 

« There  are  feveral  optical  deceptions  which  may  affea  the  meafures  of  objects 
that  fubtend  extremely  fmall  angles.  Thus  I have  found,  by  -pe-nce ^ that  a 

— ^ f rtrsr  ; it 

when  we  become  familiar  wuh  it.  I Hero 

il  ,h„  „ b- .. — , rri 

,„™gh  underilood  to  .wl,  a 1 !•»=  >l«»  *“h  'h'^hereas 
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whereas  with  a higher  power  the  proportion  of  this-  error  to 
the  whole  becomes  much  lefs,  and  the  meafure  more  exaff , even 
after  we  have  made  allowance  for  a fmall  additional  error  occa- 
lioned  by  the  want  of  that  perfect  diftinfinefs  which  is  required 
for  other  purpofes.  However,  to  enter  deeply  into  an  expla- 
nation of  this  would  lead  me  to  {peak  of  the  caufes  of  the 
aberration  of  rays  in  the  focus  of  an  objeft  fpeculum,  of 
which  there  are  fome  that  are  feldom  taken  into  confideration 
by  opticians,  and  indeed  are  fuch  as  cannot  be  calculated  ; but 
this  not  being  my  prefen t purpofe,  fuffice  it  to  obferve,  that 
the  method  is  juftified  by  experience. 

When  the  diameter  of  the  Comet  was  in creafed  to  about 
I thought  it  advifable  to  leflen  the  power  with  which  I mea- 
fured  ; and,  as  I ma!fe  ufe  of  two  different  micrometers,  as 
well  as  eye-glafies,  I took  a meafure  with  both  of  them.  The 
agreement  of  the  micrometers  to  f,f  is  no  fmall  proof  of  the 
goodnefs  of  the  obfervations  of  the  28th  of  March,  and  very 
properly  connects  the  meafures  of  the  high  powers  with  thole 
that  were  made  with  227. 
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-table  ii.  Di  fiance  of  the  Comet  from  certain  telefcopic  fixed 
ftars  which  I have  marked  jG,  y,  e,  £ 


D.  H.M. 

Mar.  13  1 0 30 
3711  0 

l8  7 20 

9 l6 

— IO  55 

39  7 4 

— IO  42 
21  IO  O 

from  a, 

% 1*. 

/:  //  m 

2 48  0 by  pretty  exa£f  eftimation  true  to  20",. 

0 41  58  by  the  micrometer  and  power  227. 

1 0 35 
i 6 59 

1 10  40 
1 46  40 
1 51  23 

3 39  46 

24  8 12 

from  £, 

2 55  39  true  to  4 or  5" > an  indifferent  obfervation. 

— 10  58 

fig.  2. 

2534  true  to  4 or  5". 
2 12  46  true  to  2 or  3'/. 

25  7 24 

— 9 47 

2 14  18 

26  10  43 

1 48  3 true  to  2 or  3,". 

28  7 4.6 

2 55  49  true  to  4.01*  5 '. 

29  8 50 

from  7. 

2 20  51  true  to  2". 

3°  7 55 

%•  3- 

1 28  48  true  to  2 or  3", 

Apr.  1 7 45 

2 39  20 

6 8 50 

from  0. 
fig.  4. 

2 51  23 

15  10  18 

from  e. 

4 27  57  eftimated  by  the  field,  true  to  5 or  6". 

16  7 50 

fig- 5' 

3 9 14  by  the  micrometer,  true  to  3 or  4". 

— 10  47 

2 50  56  true  to  3 or  4". 

38  818 

0 ^ "l  mean  2'  17",  true  to  i"or  il. 

3 J5  57  ) 6'  ..  9 

— 8 50 

from 

2 24  57 

1:9  8 38 

fig.  6. 

3 2 5 true  to  3 or  4". 

**  The  figures  are  drawn  upon  a fcale  of  80  feconds  to  one  inch. 
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table  hi.  Angle  of  pofition  of  the  Comet  with  regard  to  the 
parallel  of  declination  of  the  fame  telefcopic.  fixed  ftars  mea- 
fured  by  a micrometer,  of  which  I have  given  the  defcrip- 
tion,  and  a magnifying  power  of  278.  See  fig.  1.  2.  3.  4. 

5.  6. 


D.  H.  M. 
Mar. 13  10  30 

17  11  0 

18  8 20 

— 9 24 
*9  7 23 
21  10  10 

— 11  48 

B a.  Comet, 

A a.  Comer, 
fig,  1 *. 

o r m 

Q q!  by  fuperncial  eftimation,  liable  to  an  error 
J of  10  or  12  degrees. 

89  56  by  the  micrometer. 

56  39 

41  33  true  to  i°. 

29  47  true  to  i®. 

1 1 46  true  to  4 or  5®. 

12  14 

24  8 23 

— 11  4 

25  7 33 

— 9 55 

26  10  53 
28  7 58 

B/3  Comet, 
fig.  2. 

A (3  Comet. 

38  39  true  to  2 or  30. 

36  14  true  to  3 or  40,  air  very  tremulous. 
53  XB 

56  32  liable  to  a confiderable  error. 

87  0 true  to  2 or  30. 

28  51  true  to  3 or  40. 

29  9 25 

30  8 25 

•Apr.  1 7 55 

B y Comet, 

%•  3- 

Ay  Comet, 

32  19  true  to  1 or  2°. 

72  14  true  to  3 or  40. 

28  Ci  well  taken,  1 « ,,  A ^ 0 

3 n5  27°  46',  true  to  i°. 

27  14  more  exact,  J 7 ^ ? 

6 8 28 

B £ Comet, 
fig.  4. 

84  42  true  to  kfs  than  20 

' 

, 15  10  27 

16  8 1 

— i°  55 
18  8 31 

Be  Comet, 

%•  5- 

At  Comet, 

29  9 true  to  2 or  30. 

49  1 1 true  to  i°. 

30  47  true  to  if  or  2°f. 

*7  9 very  well  taken,  1 4?o  true  to  lefs  tkani.. 

46  35  pretty  well,  J 

- 9 8 

19  8 56 

— 10  45 

B f Comet, 
A £ Comet, 
fig.  6. 

82  39 

I9  } 49°  3%  to  Is. 

47  30  true  to  2 or  30. 

* The  angles  are  drawn  true  to  the  meafure,  without  allowing  for  errors. 
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Mifcellaneous  obfervaiions  and  remarks. 

March  19.  The  Comet’s  apparent  motion  is  at  prefent  2 1 
feconds  per  hour.  It  moves  according  to  the  order  of  the  figns, 
and  its  orbit  declines  but  very  little  from  the  ecliptic. 

March  25.  The  apparent  motion  of  the  Comet  is  accele- 
rating, and  its  apparent  diameter  feems  to  be  increafing. 

March  28.  The  diameter  is  certainly  increased,  from  which 
we  may  conclude  that  the  Comet  approaches  to  us. 

April  2.  This  evening  at  8 h.  15'  the  Comet  was  a little 
above  the  line  drawn  from  y\  to  9 in  fig.  7.  This  figure  is  only 
delineated  by  the  eye,  fo  that  no  very  great  exadtnefs  in  the 
diftances  of  the  ftars  is  to  be  expefted  ; but  1 fhall  take  the 
firft  opportunity  of  meafuring  their  refpedtive  fituations  by  the 
micrometer. 

April  6.  With  a magnifying  power  of  278  times  the  Comet 
appeared  perfedlly  fharp  upon  the  edges,  and  extremely  well 
defined,  without  the  leaf!  appearance  of  any  beard  or  tail. 

April  16.  Fig.  8.  reprefents  the  fituation  of  the  Comet  this 
evening  about  nine  o’clock,  and  is  only  an  eye-draught  of  the 
telefcopic  ftars. 


Remarks  on  the  path  of  the  Comet . 

We  may  obferve,  that  the  method  of  tracing  out  the  path 
of  a celeftial  body  by  taking  its  diftance  from  certain  ftars,  and 
the  angle  of  pofition  with  regard  to  them,  cannot  be  expefled  to 
give  us  a compleatly  juft  reprefentation  of  the  trad!  it  defcribes,, 
fince  even  the  moft  careful  obfervations  are  liable  to  little  errors, 
both  from  the  remaining  imperfe&ions  of  inftruments,  though 

they 
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they  mould  be  the  moft  accurate  that  can  be  had,  and  from  the 
difficulty  of  taking  angles  and  pofitions  of  objects  in  motion. 
Add  to  this  a third  caufe  of  error,  namely,  the  obfcurity  o£ 
very  fmall  telefcopic  ftars  that  will  not  permit  the  field  of  view 
fo  well  to  be  enlightened  as  we  could  wifh,  in  order  to  fee  the 
threads  of  the  micrometer  perfectly  diftinCh 

This  will  account  for  the  apparent  diftortions  to  be  obferved 
in  my  figures  of  the  Comet’s  path.  Some  little  irregularity 
therein  may  alfo  proceed  from  different  refractions,  as  they  have 
not  been  taken  into  account,  though  the  obfervations  have 
been  made  at  very  different  altitudes,  where  confequently 
the  refraftions  muff  have  been  very  different.  But  though 
this  method  may  be  liable  to  great  inconveniences,  the  prin- 
cipal of  which  is,  that  many  parts  of  the  heavens  are  not,  fuff 
ficiently  ftored  with  fmall  ftars  to  give  us  an  opportunity  to 
meafure  from  them,  yet  the  advantages  are  not  lefs  remarkable. 
Thus  we  fee  that  it  enabled  me  to  diftinguifh  the  quantity  and 
direction  of  the  motion  of  this  Comet  in  a fingle  day  (from  the 
1 8th  to  the  19th  of  March)  to  a much  greater  degree  of  exact- 
nefs  than  could  have  been  done  in  fo  fhort  a time  by  a feCtor  or 
tranfit  inftrument ; nay  even  an  hour  or  two,  we  fee,  were  in- 
tervals long  enough  to  fhew  that  it  was  a moving  body,  and 
confequently,  had  its  fize  not  pointed  it  out  as  a Comet,  the 
change  of  place,  though  fo  trifling  as  feeonds  per  hour, 
would  have  been  fufficient  to  occafion  the  difcovery.  A gen- 
tleman very  well  known  for  his  remarkable  fuccefs  in  detecting 
Comets  * feems  to  be  well  aware  of  the  difficulty  to  difeover  a 
motion  in  a heavenly  body  by  the  common  methods  when  it  is 
fo  very  fmall ; for  in  a letter  he  favoured  me  with,  fpeaking  of 
the  Comet,  he  fays : 44  Rien  ii’etoit  plus  difficile  que  de  la 
45  reconnoitre  et  je  ne  puis  pas  concevoir  comment  vous  aves  pu 

* .Monf,  MESSIER, 

44  revenir 
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66  revenir  plufieurs  fois  fur  cette  etoile  ou  Comete  ; car  abfolu- 

“ ment  il  a fallu  l’obferver  plufieurs  jours  de  fuite  pour  s’ap- 

percevoir  qif  elle  avoit  un  mouvement.1’ 

I need  not  fay  that  I merely  point  this  out  as  a temporary 
advantage  in  the  method  I have  taken ; for  as  foon  as  we  can 
have  regular,  conftant,  and  long  continued  obfervations  by 
fixed  inftruments,  the  excellence  of  them  is  too  well  known  to 
fay  any  thing  upon  that  fubjeCt : for  which  reafon  I failed  not 
to  give  immediate  notice  of  this  moving  ftar,  and  was  happy  to 
furrender  it  to  the  care  of  the  Aftronomer  Royal  and  others,  as 
foon  as  I found  they  had  begun  their  obfervations  upon  it. 


Defcription  of  a micrometer  for  taking  the  angle  of  pofition . 

FIG.  I.  Reprefents  the  micrometer  inclofed  in  a turned  cafe 
of  wood,  as  it  is  put  together,  ready  to  be  uled  with  the  tele- 
fcope.  A is  a little  box  which  holds  the  eye-glafs.  B is  the 
piece  which  covers  the  infide  work,  and  the  box  A is  ferewed 
into  it.  C is  the  body  of  the  micrometer  containing  the  brafs 
work,  fhewing  the  index  plate  a projecting  at  one  fide,  where 
the  cafe  is  cut  away  to  receive  it.  D is  a piece,  having  a ferew 
b at  the  bottom,  by  means  of  which  the  micrometer  is  fattened 
to  the  telefcope,  To  the  piece  C is  given  a circular  motion,  in 
the  manner  the  horizontal  motion  is  generally  given  to  Gre- 
gorian refleCtors,  by  the  lower  part  going  through  the  piece  D, 
where  it  is  held  by  the  ferew  E,  which  keeps  the  two  pieces 
C and  D together,  but  leaves  them  at  liberty  to  turn  upon 
each  other. 

Fig.  IL  Is  a feCtion  of  the  cafe  containing  the  brafs  work, 
where  may  be  obferved  the  piece  B hollowed  out  to  receive  the 
3 box 
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Box  A,  which  confifts  of  two  parts  incloGng  the  eye  lens.  This 
figure  alfo  fliews  how  the  piece  C pafles  through  D,  and  is  held 
by  the  ring  E : the  brafs  work,  confi fling  of  a hollow  cylinder, 
a.  wheel  and  pinion,  and  index  plate,  is  there  reprefented  in  its 
place.  F is  the  body  of  the  brafs  work,  being  a hollow  cylin- 
der with  a broad  rim  c at  the  upper  end  ; this  rim  is  partly 
turned  away  to  make  a bed  for  the  wheel  d.  The  pinion  e 
turns  the  wheel  d , and  carries  the  index  plate  a . One  of  its 
pivots  moves  in  the  arm  f fcrewed  upon  the  upper  part  of  cr 
which  arm  ferves  alfo  to  confine  the  wheel  d to  its  place 
upon  c.  The  other  pivot  is  held  by  the  arm  g fattened  to  F. 

Fig.  III.  Is  a plan  of  the  brafs  work.  The  wheel d,  which 
Is  in  the  form  of  a ring,  is  laid  upon  the  upper  part  of  F or  r, 
and  held  by  two  final!  arms  f tnd  hy  fcrewed  down  to  e with 
the  fcrews  /,  /. 

Fig.  IV.  Is  a plan  of  the  brafs  work,  a \ d9  is  the  wheel 
placed  upon  the  bed  or  focket  of  the  rim  of  the  cylinder  crc9 
and  is  held  down  by  the  two  pieces/*,  /a,  which  are  fcrewed  upon 
r,  c . The  piece  f projects  over  the  center  of  the  index  plate 
to  receive  the  upper  pivot  of  the  pinion  m,  n , is  the  fixed  wire 
fattened  to  c,  c.  o , p , the  moveable  wire  fattened  to  the  annu- 
lar wheel  J,  d . The  index  plate  a is  divided  into  60  parts, 
each  fub-divided  into  two,  and  milled  upon  the  edge.  When 
the  finger  is  drawn  over  the  milled  edge  of  the  index  plate 
from  q towards  r,  the  angle  mr  r,  or  will  open,  and  if  drawn 
from  r towards  q9  it  will  Ihut  again.  The  cafe  C,  C,  mutt 
have  a (harpcorner  /,  which  ferves  as  a hand  to  poin  out  the 
divifion  on  the  index  plate. 
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XXjXHL  A Letter  from  Jofeph  Willard  to  the  Rev . Dr. 

Mafkelyne,  Afronomer  Royal \ concerning  the  Longitude  of 

Cambridp'e  in  New  England. 

Read  July  5,  1781. 

R K V.  SIS, 

r difference  of  meridians  between  Greenwich  and 

A Cambridge  has  been  generally  reckoned  4I1.  44'.  This 
was  what  the  late  Dr.  wjnthrop  made  ufe  of;  but  I do 
not  find  mat  he  determined  it  by  adtual  obfervations,  made  by 
him  at  Cambridge,  compared  with  correfponding  ones,  made 
at  the  Royal  Obfervatory  at  Greenwich.  It  appears,  that'  in 
1769,;  at  the  time  of  the  tranfit  of  Venus,  the  doctor  was  not 
entirely  certain  of  the  longitude  of  Cambridge.  He  mentioned 
4 h.  44'  as  near  the  truth ; but  for  better  fixing  it,  he  gave 
feveral  of  his  obfervations  of  the  eclipfes  of  Jupiter’s  fatellites 

to  be  compared  with  thofe  made  at  Greenwich  > but  there  were 

■'v  ■■■.V  . , . 

too  few  correfponding  ones  to  determine  the  point  with  preci- 
fion  ; and  as  modern  aftronomers  do  not  make  abfolute  depen- 
deuce  upon  the  difference  of  meridians  deduced  from  the  eclipfes 
of  JupiteCs  fatellites,  unlefs  there  has  been  a feries  of  obfer- 
yations,  both  of  immerfions  and  emerfions,  I have  wifhed  to 
find  fome  obfervations  of  folar  eclipfes  and  occultations  of  fixed 
ffars  by- the  moon,  made  at  Cambridge,  of  which  correfpond- 
ing ones  were  made  at  Greenwich.  I have  met  with  no  obfer- 
vations of  occultations  made  by  Dr.  winthrop;  but  a folar 
2 eclipfe 
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eclipfe  was  sbferved  by  him  and  feveral  other  gentlemen,  at 
liis  houfe,  Auguft  5,  1766,  at  which  I was  prefen t and  afiift- 
ing,  being  then  a refident  graduate  at  Harvard  College  : this 
eclipfe,  Sir,  I find  that  you  obferved  at  Greenwich.  By  your 
obfervations  in  the  printed  volume,  a copy  of  which  the  Royal 
Society  was  fo  generous  as  to  fend  .to  Harvard  College,  which 
was  received  the  Lift  fpring,  and  for  which  the  College  is  very 
grateful,  I find  the  beginning  of  the  eclipfe  was  feen  by  you 
at  5 h.  29'  56"  P.M.  and  the  end  at  7 h.  n?  27 " P.M.  apparent 
time.  At  Dr.  wintiirop’s  houfe  at  Cambridge,  lat.  420  25' 
N.  the  beginning  of  this  eclipfe  was  obferved  at  1 1 h.  3/  23^ 
A.M.  and  the  end  at  2 h.  45'  9"  P.M.  apparent  time.  Allow- 
ing for  the  fpheroidal  figure  of  the  earth,  and  going  through 
the  paralla&ic  calculations  and  dedu&ions,  I find  the  difference 
of  meridians  between  Greenwich  and  Cambridge,  by  the  ob- 
fervations of  this  eclipfe,  to  be  4I1.  44'  2 z'\ 

In  the  tranfit  of  Venus,  in  1 769,  the  internal  contaft  was 
obferved  by  Dr.  winthrop  at  2 h,  47''  30"  apparent  time,  and 
by  Mr.  hitchins,  at  the  Royal  Obfervatory,  at  7 h.  zS7  57" 
apparent  time.  Allowing  the  funrs  parallax  on  the  day  of  the 
tranfit  to  be  8-'/,3.8,  I find  by  calculation  from  thefe  obferva- 
tions, that  the  difference  of  meridians  between  Greenwich  and 
Cambridge  is  4 h.  44'  1 2".  The  reafon  of  my  taking  Mr. 
hit  chi  ns’s  obfervation  is,  your  faying,  that  the  telefcope 
which  he  ufed  was  much  fuperior  to  all  the  others  which  were 
made  ufe  of  at  that  day  at  the  Obfervatory  ; and  to  its  greater 
excellence  and  diftinClnefs  you  attribute  the  difference  of  26'' 
by  which  Mr.  hitchins  faw  the  internal  contaCt  before  you. 
There  feems  to  be  the  greater  propriety,  when  comparing  the 
American  obfervations  of  that  phenomenon  with  thofe  made 
at  Greenwich,  to  take  that  where  the  ohferver  was  peculiarly 
V9L,  LXXL  U uu  aided 
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aided  by  the  diftin&nefs  of  his  teiefcope,  becaufe  the  fun  was 
very  near  the  horizon  with  you,  while  with  us  the  altitude 
was  great,  and  the  atmofphere  exceeding  clear.  Taking  the 
mean  between  the  deduction  made  from  the  obfervations  of  the 


internal  contact  of  Venus,  and  of  the  beginning  and  ending  of 
the  above  .Tolar  eclipfe,  the  difference  of  meridians  between 
‘Greenwich. and  Cambridge  is  4 h.  44/  1 7". 

1 find,  Sir,  in  a letter  from  you  to  Dr.  smith  of  Phila- 
delphia, Dec*  26,  1769,  that  by  the  obfervations  of  the 
eclipfes  of  Jupiter’s  fatellites  made  at  Norriton  you  deter- 
mined the  difference  of  meridians  between  Greemvich  and 
Norriton  to  be  5 b.  i'  o'  35".  If  we  fub  tract  52",  the 
-difference  of  meridians  between  Philadelphia  and  Norriton, 
gotten,  agreeably  to  your  requeft,  by  terreftrial  meafurement, 
we  find  the  difference  of  meridians  between  Greenwich  and 
Philadelphia  to  be  5 h.  o'  43",  which  is  the  fame  that  it  appears 
to  be  by  the  immerfions  and  emerfions  of  Jupiter’s  firft  fatel- 
■lite  ohferved  at  Philadelphia,  corrected  in  the  fame  manner 
you  corrected  the  obfervations  for  Norriton,  which  is  8" 
more  than  Dr.  Lwin-g’s  determination.  By  obfervations  of  the 
tranfit  of  Mercury  in  1769,  made  at  Cambridge  and  Phila- 
delphia, the  difference  of  meridians  between  thofe  two  places 
appears  by  the  external  contaff  to  be  1 6' 02",  by  the  internal 
16'  28" ; the  mean  16'  30^  fubtradled  from  5 h.  o'  43"  leaves 
4 b.  44'  13"  for  the  difference  of  meridians  between  Green- 
wich and  Cambridge  deduced  in  this  way,  which,  though  not 
-diredt,  may  yet  be  cenfidered  as  an  evidence  of  Tome  weight  to 
prove,  that  the  difference  is  more  than  4I1.  44',  and  that 
4I1.  44'  17"  may  bewery  near  the  truth.  This  is  the  difference 
rthat  I at  prefent  take*  when  I make  ufe  of  tables  fitted  to  the 
rmeridian  of  Greenwich]  but  I fhould  be  flill  glad  of  more 
1 correfponding 
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correfpondiug  obfervations  to  afcertain  this  point.  June  24, 
„,8  there  was  a folar  eclipfe,  vilible  both  at  Greenwich  and 
Cambridge.  The  beginning  of  this  eclipfe  "bfetved  at 
Cambridge  by  the  late  Dr.  winthrop  at  9 h.  6 20  A.h. 
and  the  end  at  n h.  37'  22"  AM.  apparent  trine.  If  the  at- 
nrofphere  favoured  your  obferving  it  at  Greenwrch,  I (hould  be 
extremely  obliged  to  yon,  if  yon  would  common, cate  to  me 
your  obfervations.  I lhatl  alfo  be  happy  to  know  the  time  o, 
the  beginning  of  the  folar  eclipfe  of  the  23d  of  next  April  at 

r now,  Sir,  beg  leave  to  communicate  to  you  feme  oofer  a- 
tions,  of  the  folar  eclipfe  of  the  27th  of  laft  October.  t 
Beverly,  lat.  42°  3*5'  N-  1 “refully  afeertamed  the  going  o 
my  clock,'  by  equal  altitudes  of  the  fun-s  upper  and  lower  1, mb 
for  feveral  days  preceding  the  eclipfe,  and  on  the  day  when  it 
happened,  conftantly  applying  the  equation  for  the  change  of 
decl, nation.  Oftober  25th,  when  the  fun  s center  paffed  the 

meridian,  it  was  by  the  clock  1 1 h- 59  1 1 . oil 

T T h r8'  I ; and  on  the  27th,  1 1 h.  57  1 0 • 

Two  gentlemen  obfetved  with  me;  the  rev.  Mr.  CUTLER 
of  Ipfwich,  and  the  rev.  Mr.  prince  of  Salem.  Mr.  cutler 
and  I were  each  fumiffied  with  a refleffing  telefcope  made  hy 
TAMES  MANN  of  London,  one  magnifying  34,  ,he  °-h  ' 
It  times.  Mr.  PRINCE  had  an  achromatic  tefate  magn.fy- 

ing  4 3 times.  The  times  of  obfervation  are  as  follow  : 

& '■*  _ . , Reduced  to  app.  time. 

hi 


Beginning  of  fMr.  cuteer5 
eclipfe  ob-  Mr.  prince, 
ferved  by  iMyfeif, 

lLndofeclipiefMr#  pRINCE> 
obferyed  by  \ Myfelf, 


By  the  clock, 
h.  t ,, 
10  59  a 
JO  59  6 

xo  59  8 

i 38  37 
1 38  43 
I 38  40 

UUU2 


I I 

II 
I I 

I 

I 

I 


42  A.M. 
46 

48 


41  23  P.M. 

41  29 
41  26 

1 had 


to6  Mr.  willard  on  the  Longitude 

, i h^d  uo.-micromqt^r  to  meafu(re  .tihq  lucid  part  of  the  fun  in 
its-  leaft  if  ate,  and  thereby  determine  the.  error  of  mater’s 
tables,  in  latitude  , atrthq:rpiddle lof  ; this- eel  ipie.  But  according 
to-  the  Qbfervatians.  of  {Profedbr  itiLLiAtos^  Dr.  winthrop’s 
id cggflqr,?* tlje  f gffprfc pot  gre4t.*j : 1 He  and  * feveral  affi Hants 
-v  ghfe^ypd 'lh§4*?£p  IHamdrln  Benabfcot  Bay.  The 

|atl^yflp/pf  pl^^^f  ^bfa^yati^>p  he^fonindto  /be  44°  ij'  7"  N. 
i I e . g § r be g^ifi-n ip;g : q f;  Jthe  Cclipfe  at  11  h.  1 V 8"  A.M. 
andr4h.e>M4^U'iI.:l1^^/  pty'ftPdMt'  apparent  time.  He  was  fur- 
nifhed  with  an  excellent  DOLLbNp’k  micrometer,  with  which 
he,  m§a%redtthc vlhnis /diameter  on  the  morning  .of  the  eclipfe, 
an/Lthp  luoidvpdrtsf#4tiy  times  during,  its  continuance*  By  his 
observations,  compared  with  thofe  made  at  Beverly,  I find  the 
difference  of  meridians  , between  Beverly  and  Long  Ilian d to 
S' 4"  in  time.  Tile  time  of.  the  greateft  obfeuration  was  at 
12  h.  30'  22",  when  the  lucid  part  of  the  fun  was  8"  on  the 
lower  limb.  The  fun’s  femi-diameter  according  to  observation 
was  i67  8", 7 ; the  moon’s  horizontal  femi-diameter,  according 
to  the  tables,  1 6' 23^,8;  the  augmentation  of  her  femi-dia- 
meter, agreeably  to  her  altitude,  9",  5 ; the  fum  of  the  vifible 
femi-diameters  of  the  fun  and  moon  therefore  32'  42".  The 
lucid  part  of  the  fun  8r/  being  fubtracled  from  32'  17'', 4,  the 
fun’s  diameter,  leaves  32'  9^,4  for  the  eclipfed  part  of  the  fun, 
which  fubtra&ed  from  32'  42"  leaves  32'', 6 for  the  leaft  dif- 
tance  of  the  centers  of  the  fun  and,  moon.  The  vifible  angle 
of  the  moon  with  the  ftfn'v^s  jT ®nd^  150  54'  54",  and  her 
motion  from  the  fun  in  her  •. i'4"? 5 in  one  minute; 

the  vifible  ecliptic  conjun^ipn  iK^fefege,; was  at  I2h.  29'  57", 
and  the  diftance  of  the  centers  of b*lsi  fun  and  moon  34".  The 
moon’s  parallax  in  latitude  frdhi  the'lun  was  then  49'  1 5,^8  S. 
which  added  to  34"  gives  49'  49", 8 N.  equal  to  the  moon’s  lati- 
2 tude 
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tude  by  obfervation.  By  mayer’s  tables  her  latitude' \Hs  then 
497  39/7?47  by  which  it  appears/  that  the  error  of  there  tables 
in  latitude,  at  the  middle  of  the  eclipfe,  by  the  Penobfcot  cb- 
fervation,  was  — 1 The  error  in  ' longitude,'  Talcing  the 

mean  between  that  of  the  beginning  aild  end,  1 had -to  be 
— </'.  The  determination  of  thefe  errors  upon  the  fiippofi- 
tion  that  Beverly  is  4 h.  42'  ^ W,  ^of -Gr^n%4eh/  whadh,  I 

believe,  very  near  the  truth.  Beverly- appeari  by^- 
to  be  i'- 18-"  in  time  E.  of  Cambridge,  #hieh TubfraSdd Trom 
4J1.  44'  17/'  leaves  4 in  42?'  59&J-10G  tno.taoxo  ns  ciltv/  bsd I01 

I hope,  Sir,  no  umbrage  will  be  taken  at  my  writing  i&yoit, 
on  account  of  the  political  light  in  which  America  Is  now 
viewed  by  Great  Britain.  I think  political'  dhputes: ••"flidnld  ^bf 
prevent  communications  in  matters  of  mere  fcience  ';  nor  Can  I 
fee  how  any  one  can  be  injured  by  fuch  an  intercburfe*  r 


x8 


r, , v*g  nul  aril  to  tisq  £>xonl  a ill  nedw  / *d  sa 

. . _ , I-am»  .ff&l  e'aqi  srfT  - .dmiliawol 

Beverly  m Maflachufetts, 

February  16,  1781,  IfiJno; 

•nal  tsri  Io  noxteJnaragm;  axil  i di  «eald£3  aril  o3 

- 3ri 1 \o  mol  sd3  ; > iad  oi  \IdB33Tge  ,-iatem 
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xarfi  fioorn  bns  nul  orb  3t5l5msifa-ini5i 
moil  boib^ijdul  gnbd  "x8  mil  sill  io  lisq  bioul 
Cih  ■>:h  io  lisq  boloiiDa  oril  10I  sovsal  ei5i5xnsib  2 nui 

k^jI  arlt  iol  dc  ££  asvsal  VN££  '££  moil  baJisTldr/l  xioin  v 

d $ Io  8i5tri9D  exit  sDnst 
1 ads  dhiw  noom  adl  Io 
fii  nut  aril  ni  oii  oh  on 
u(hod  ollqilos  aid ili v ari* 
a ill  Io  aor&tflib  sdl  bno 
ihrA  ni  xslhnrq  a'm  — : 
-'""d  - '' 
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OF  SOME 

THERMOMETRIC  AL  EXPERIMENTS; 

CONTAINING, 

I.  Experiments  relating  to  the  cold  produced  by  the  evaporation 
of  various  fluids*  with  a method  of  purifying  ether, 

II.  Experiments  relating  to  the  expanfion  of  mercury, 

HI.  Defcription  of  a thermometrical  barometer. 


By  TIBERIUS  CAVALLO,  R R.  S. 

Who  was  nominated  by  the  Prefident  and  Council  to  profecute 
Difcoveries  in  Natural  Hiftory,  purfuant  to  the  Will  of  the  late 
h£nry  baker,  Efq.  F.  R.  S. 
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AN  ACCOUNT,  &c. 


IT  is  at  prefent  well  known,  that  by  the  evaporation  of  va- 
rious fluids  a fenfible  degree  of  cold  is  produced ; and  that 
by  the  evaporation  of  ether,  which  is  the  moft  volatile  fluid 
we  are  acquainted  with,  water  may  be  congealed,  and  the  ther- 
mometer may  be  brought  feveral  degrees  below  the  freezing 
point.  But  as  various  thermometrical  experiments,  which  I 
lately  made,  have  exhibited  fome  new  phenomena,  and  as  I 
have  contrived  an  eafy  and  pleafing  method  of  freezing  a fmall 
quantity  of  water  in  a fhort  time,  and  in  every  climate  ; I 
think  it  not  improper  to  give  an  account  of  thefe  things  in  the 
firft  part  of  this. leCture. 

My  firft  experiments  were  intended  to  difcover,  if  poffible,  a 
fluid  cheaper  than  ether,  by  the  evaporation  of  which  a 
degree  of  cold  fufficient  for  fome  ufeful  purpofe  might  be 
generated.  But  in  this  my  expectation  was  difappointed,  as 
I found  that  ether  was  incomparably  fuperior  to  any  other 
fluid,  as  the  cold  it  produced  was  feveral  degrees  greater 
than  that  occafioned  by  any  other  of  the  moft  volatile  fluids 
whatever.  Being,  therefore,  obliged  to  ufe,  ether,  I en- 
deavoured to  contrive  a method,  by  which  the  leaft  poffible 
quantity  of  it  might  be  wafted  in  the  production  of  a degree 
of  cold  fufficient  to  freeze  water,  and  in  this  1 met  with  fuc- 
cefs.  But  before  we  come  to  the  defcription  of  this  method,  I 
Vol.  LXXI.  X x x fhall 
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fhall  briefly  relate  feme  obfefvatious  made  on  the  cold  produced 
by  the  evaporation  of  other  fluids  bdi-des.  ether. 

In  a room,  the  temperature  of  which  was  64*  according  to 
F ahrenheit’s  thermometer,  and  in  which  the  am  was  gently 
ventilated,  I obferved  the  efFeas  produced  by  various  fluids 
when  thrown  upon  the  tkill  of  a thermometer-  The  ball  ot 
this  thermometer  was  quite  detached  from  the  ivory  piece  upon 
which  the  fcale  was  engraved.  The  various  fluids  were  thrown 
upon  the  thermometer  through  the  capillary  aperture  of  a 
fmall  dial's  veffel,.  lhaped  like  a funnel,  and  care  was  taken  to 
throwihem  fo  (lowly  upon  the  bulb  of  the  thermometer,  that 
a drop  might  now  and  then  fall  from  the  under  part  of  it ; ex- 
cept when  thole  fluid's  were  ufed,  which  evaporate  very  (lowly, 
in  which  cafe  it  was  Efficient  to  keep  the  ball  of  the  thermo- 
meter only  moift,  without  any  drop  felling  from  it.  During 
the  experiment  the  thermometer  was  kept  turning  very  gently 
round  its  axis,  in  order  that  the  fluid  ufed  might  fell  upoa  every 
part  of  its  bulb.  This  method  I find  to  anfwer  much  better 
than  that  of  dipping  the  ball  of  the  thermometer  into  the  fluid 
and  removing  it  immediately  after,  or  that  of  wetting  the  ther- 
mometer with  a feather.  The  evaporation,  and  coniequently 
the  cold  produced  by  it,  may  be  increafed  by  ventilation.  vm. 
by  blowing  with  a pair  of  bellows  upon  the  thermometer  t.  but 
this  was  not  ufed  in  the  following  experiments,  beeaufe  it  is 
not  eafily  performed  by  one  perfon,  and  aifo  beeaufe  it  occafions 

very  uncertain  refults-  , 

With  the  above  deferibed  method  I began  to  examine  the 
effe&s  of  water,  and  found,  that  the  thermometer  was  brought 
down  to  56°,  viz.  8°  below  the  temperature  of  the  room  m 
which  the  experiment  was  made,  and  of  the  water  employe  . 
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This  effect  was  produced  in  about  two  minutes  time,  after 
which  a larger  continuation  did  not  bring  the  mercury  lower. 

By  means  of  fpirit  of  wins- the  thermometer  was  brought 
down  to  48°,  which  is  only  160,  below  the  temperature  of  the 
room,  and  of  the  fpirit  employed.  When  the  fpirit  of  wine 
is  highly  rediified,  the  cold  produced  by  its  evaporation  is  cer- 
tainly greater  than  when  it  is  of  the  common  fort ; but  the  dif- 
ference is  not  fo  great  as  one,  who  never  tried  the  experiment, 
might  expedh  The  purer  fpirit  produces  tne  effect  much 
quicker. 

tiling  various  other  fluids,  which  were  either  compounds  of 
water  and  fpiritous  fubftances,  or  pure  eflences,  I found  that 
the  cold  produced  by  their  evaporation  was  generally  in  lome 
intermediate  degree  between  the  cold  produced  by  the  water  and 
that  produced  by  the  fpirit  of  wine. 

Spirit  of  turpentine  brought  the  thermometer  only  3 lower 
than  the  temperature  of  the  room  ; but  olive  oil  and  other  oils, 
which  evaporate  either  very  (lowly  or  not  at  all,  did  not  fenfl- 
bly  affedt  the  thermometer- 

Willing  to  obferve  how  much  electrization  could  incieafe  the 
evaporation  of  fpirit  of  wine,  and  confequently  the  cold  pro- 
duced by  it,  1 put  the  tubq  containing  the  fpirit  into  an  inf- 
lating handle,  and  conne&ed  it  with  the  conductor  of  an  elec- 
trical machine,  which  was  kept  in  adtion  whilft  the  experiment 
was  performed  ; by  thefe  means  the  thermometer  was  l 
down  to  470.  Having  tried  the  three  mineral  acids  I 
that  inftead  of  cooling  they  heated  the  thermometer,  which  efTedl 
I expedted  ; fince  it  is  well  known,  that^thofe  acids-  attraft 
the  water  from  the  atmofphere,  and  jhat  heat  is  produced 
by  the  combination  of  water  and  any  of  them,  vitri 

olic  acid,  which  was  very  ftrong  and  trail  (parent,  1 aiied  the 

X x x £ thermo- 
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thermometer  to  102'  ; the  fmoaking  nitrous  acid  raifed  it  to 
720;  and  the  marine  acid  raifed  it  to  66°;  the  temperature 
of  the  room,  as' well  as  of  the  acids,  being  64°,  as  mentioned 

above. 

The  apparatus  which  I contrived  for  the  purpofe  of  ufing 
the  ieaft  poffible  quantity  of  ether  in  freezing  water,  &c.  con- 
fifts  in  a glafs  tube,  terminating  in  a capillary  aperture,  which 
tube  is  to  be  fixed  upon  the  bottle  that  contains  the  ether. 
Fig.  1.  of  the  annexed  drawing  exhibits  fuch  a tube,  round  the 
lower  part  of  which,  viz.  at  A fome  thread  is  wound,  in  order 
to  let  it  fit  the  neck  of  the  bottle.  When  the  experiment  is  to 
be  made,  the  ftopper  of  the  bottle  containing  the  ether  is  re- 
moved, and  the  above  mentioned  tube  is  fixed  upon  it.  The 
thread  round  this  tube  fhould  be  moiftened  a little  with  water  or 
fpittle  before  it  is  fixed  on  the  bottle,  in  order  to  prevent  more 
effectually  any  efcape  of  ether  between  the  neck  of  the  bottle 
and  the  tube.  Then  holding  the  bottle  by  its  bottom  FG  (fig, 
2.)  and  keeping  it  inclined  as  is  fhewn  in  the  figure,  the  fmall 
ftream  of  ether  iffuing  out  of  the  aperture  D of  the  tube  DE, 
is  directed  upon  the  ball  of  the  thermometer,  or  upon  a tube 
containing  water  or  other  liquor  that  is  required  to  be  congealed. 

Ether  being  very  volatile,  and  having  the  remarkable  pro- 
perty of  increafing  the  bulk  of  air,  does  not  require  any  aper- 
ture, through  which  the  air  might  enter  the  bottle,  in  propor- 
tion as  the  ether  goes  out  : the  heat  of  the  hand  is  more  than 
fufficient  to  force  the  ether  in  a ftream  from  the  aperture  D. 

After  this  manner,  throwing  the  ftream  of  ether  upon  the 
ball  of  a thermometer  in  fuch  quantity  as  that  a drop  of  ether 
might  now  and  then,  for  inftance  every  10  feconds,  fall  from 
the  under  part  of  the  thermometer,  I have  brought  the  mer- 
cury down  to  3°,  viz.  290  below  the  freezing  point,  when  the 

atmofphere 
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atmofphere  was  fomevvhat  hotter  than  temperate,  and  that 
without  blowing  upon  the  thermometer. 

W hen  the  ether  is  very  good,  viz . is  capable  of  diffolving; 
elaftic  gum,  and  the  thermometer  has  a fmall  bulb,  not  above 
twenty  drops  of  ether  are  required  to  produce  this  effefit,  and 
about  two  minutes  of  time  ; but  when  the  ether  is  of  the 
common  fort,  a greater  quantity  of  it,  and  a longer  time,,  is 
neceflfary  to  be  employed,  though  at  laft  the  thermometer  is- 
brought  down  very  nearly  as  low  by  this  as  by  the  beft  fort  of 
ether. 

In  order  to  freeze  water  by  the  evaporation  of  ether,  I take 
a thin  glafs  tube  about  four  inches  long  and  about  one-fifth  of 
an  inch  in  diameter,  hermetically  clofed  at  one  end,  and  put  a 
little  water  in  it,  fo  as  to  fill  about  half  an  inch  length  of  it, 
as  is  lhewn  at  CB  in  the  figure.  Into  this  tube  a {lender  wire 
H is  alfo  introduced,  the  lower  extremity  of  which  is  twifted 
in  a lpiral  manner,  and  ferves  to  draw  up  the  ice,  when  formed. 
Things  being  thus  prepared,  I hold  the  glafs  tube  by  its  upper 
part  A with  the  fingers  of  the  left  hand,  and  keep  it  continually 
and  gently  turning  round  its  axis,  firfl:  one  wTay,  and  then  the 
contrary ; whilft  with  the  right  hand  I hold  the  phial  contain- 
ing the  ether  in  fuch  a manner  as  to  direfit  the  ftream  of  ether 
on  the  outfide  of  the  tube,  and  a little  above  the  furface  of  the 
water  in  it.  The  capillary  aperture  D fhould  be  kept  almoft 
in  contafit  with  the  furface  of  the  tube  that  contains  the. 
water.  Continuing  this  operation  for  two  or  three  minutes,., 
the  water  will  be  froze  as  it  were  in  an  inftant ; fince  it  will 
appear  to  become  opaque  at  the  bottom  B,  and  the  opacity  will 
afeend  at  C in  lefs  than  half  a fecond  of  time,  which  exhibits 
a beautiful  appearance.  This  congelation,  however,  is  only 
fuperficial,  and  in  order  to  congeal  the  whole  quantity  of  wa- 
ter,. 
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ter,  the  operation  muft  be  continued  one  or  two  minutes 
longer ; after  which  the  wire  H will  be  found  to  be  kept  very 
tight  by  the  ice.  Now  the  bottle  with  the  ether  is  left  upon  a 
table  or  other  place,  and  to  the  outfide  of  the  glafs  tube  the 
hand  mull  be  applied  for  a moment,  in  order  to  loften  the  fur- 
face  of  the  ice,  which  adheres  very  firmly  to  the  glafs,  and 
then  pulling  the  wire  H out  of  the  tube,  a folid  and  hard  piece 
of  ice  will  come  out,  fattened  to  its  lpiral  extremity. 

Inftead  of  the  wire  H fometimes  I put  a fmall  thermo- 
meter into  this  tube  fo  as  to  have  its  bulb  immerfed  in  the 
water.  With  this  thermometer  I have  obferved  a very  re- 
markable phenomenon,  which  feems  to  be  not  explicable 
jn  the  prefent  ttate  of  knowledge  concerning  heat  and  cold. 
This  is,  that  water  will  freeze  in  the  winter  with  a lefs  de- 
gree of  cold  than  it  will  in  the  fummer,  or  when  the  wea- 
ther is  hotter : for  inftance,  in  the  winter  the  water  in  the 
tube  AB  will  freeze  when  the  thermometer  is  about  50° ; but 
fummer,  or  even  when  the  tempeiature  of  the  atmo- 
sphere is  about  6o°,  the  quickfilver  in  the  thermomer  muft  be 
brought  ten  or  fifteen,  or  even  more,  degrees  below  the  freezing 
point,  before  the  water  which  furrounds  the  faid  thermometer 
will  be  converted  into  ice,  even  fuperficially  ; hence  it  appears, 
that  in  the  fummer  time  a greater  -quantity  of  ether  and  longer 
time  is  required  to  tree  z a given  quantity  of  watei  than  in  the 
winter,  not  only  becaufe  then  a greater  degree  of  heat  is  to  be 
overcome,  but  principally  becaufe  in- the  fummer  a much  greater 
degree  of  cold  muft  be  actually  produced  before  the  water  that 
is  kept  in  it  will  afl'ume  a folid  for ni.  When  the  temperature 
of  the  atmofphere  has  been  about  4b0,  I have  froze  a quantity 
of  water  with  an  equal  weight  of  good  ether,  but  at  prefent. 
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being  fummer,  betw een  two- and  three  times  the  quantity  of 
the  fame  ether  mufthje  to  produce  the  fameeffect. 

There  feems  to ? he /fo^et l)in g /in  t J^e  ai^r  which,  belides  heat, 
interferes  with,  tile  treezingvof  water,,-  and  perhaps  of  all  fluids, 
though  I cannot  fay  from?  experience  whether  the  above  men- 
tioned difference  between  the  freezing. of  water  in,  winter  and 
fummer,  takes  placer  with -other  fluids,,  as  milk  and  other 
animal  fluids,  oils,  wines,  &c* 

The  proportion  between  the  quantity,  of  the  ether  and  of  the 
water  that  maybe  frozen  by  it,  feems  to  vary  according  to  the 
quantity  of  water ; for  a larger  quantity  of  water  feems  to 
require  a propor.tionably  lefs  quantity  of  ether  than  a (mailer 
quantity  of  water,  fuppofing  that  the  water  is  contained  in 
cylindrical  glafs  veflels ; for  I have  not  tried  whether  a metal 
veflfel  inftead  of  a glafs  one,  and  whether  fome  other  fhape 
belides  the  cylindrical,  might  not  facilitate  the  congelation.  In 
the  beginning  of  the  fpring  I froze  about  a quarter  of  an  ounce 
of  water  with  nearly  half  an  ounce weight  of  ether,  the  appa- 
ratus being  larger,  though  fimilar  to  that  deferibed  above. 

Now  as  the  price  of  ether,  fufficiently  good  for  the  purpofe, 
is  generally  between  eighteen  pence  and  two  (hillings  ounce, 
it  is  plain,  that  with  lefs  than  two  (hillings  a quarter  of  an 
ounce  of  ice,  or  ice  cream,  may  be  made  in  every  climate,  and 
at  any  time,  which  may  afford  great  fatisfadtion  to  thofe  per- 
fens,  who  living  in  places  where  no  natural  ice  is  to  be  had, 
never  faw  or  tailed  any  fuch  delicious  refreihments. 

When  afmalTpiece  of  ice,  for  inftance,  of  about  ten  grains 
in  weight,  is  wanted,  the  neceffary  apparatus  is  very  fmall, 
and  the  expence ^of  the  ether  not  worth  mentioning.  I have 
a fmall  box,  which  is  four  inches  and  a half  long,  two  inches 
abroad,  and  one  inch  and  a half  deep,  which  contain  s all  the  appa- 
ratus 
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ratus  necefiary  for  this  purpofe,  viz.  a bottle  capable  of  con- 
taining about  one  ounce  of  ether,  two  pointed  tubes  (in  cafe 
that  one  fhonld  break)  a tube  in  which  the  water  is  to  be 
frozen,  and  the  wire.  With  the  quantity  of  ether  contained 
in  this  fmall  and  very  portable  apparatus,  the  experiment, 
when  carefully  performed,  may  be  repeated  about  ten  times. 
A per  fan  who  wifhes  to  perform  fuch  experiments  in  hot  cli- 
mates, and  in  places  where  ice  is  not  eafily  procured,  requires 
only  a large  bottle  of  ether,  betides  the  fmall  apparatus  de- 
fcribed  above. 

It  is  a known  fadt,  that  the  moment  a quantity  of  water 
becomes  ice,  a thermometer  kept  immerled  in  it,  riles  a few 
degrees,  and  accordingly  this  is  obferved  in  our  experi- 
ment, viz.  the  mercury  of  the  thermometer,  which  is  im- 
merfed  in  the  water  of  the  tube  AB,  will  fuddenly  rife,  fome- 
times  as  much  as  ten  degrees,  when  the  water  becomes  firft 
opaque.  Electrization  increafes  very  little  the  degree  of  cold 
produced  by  the  evaporation  of  ether.  Having  thrown  the 
electrified,  and  alfo  the  uneleCtrified,  ftream  of  ether  upon  the 
bulb  of  a thermometer,  the  mercury  in  it  was  brought  down 
two  degrees  lower  in  the  former  than  in  the  latter  cafe. 

As  various  perfons  may,  perhaps,  be  induced  by  this  paper 
to  repeat  fuch  experiments,  and  as  ether  is  a fluid  which  can 
with  difficulty  be  preferved,  it  may  be  ufeful  to  mention,  that 
a cork  confines  ether  in  a glafs  bottle  much  better  than  a 
glafs  ftopple,  which  it  is  almoft  impofiible  to  grind  fo  well 
as  intirely  to  prevent  the  evaporation  of  ether.  When  a ftop- 
ple, made  very  nicely  out  of  a uniform  and  clofe  piece  of  cork, 
which  goes  rather  tight,  is  put  upon  a bottle  of  ether,  the 
fmell  of  that  fluid  cannot  be  perceived  through  it ; but  I never 
faw  a glafs  ftopple  that  could  produce  the  fame  effeCl.  By  open- 

ing 
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ing  the  bottle  very  often,  or  by  long  keeping,  the  cork  becomes 
loofe,  in  which  cafe  it  muft  be  changed  ; and  thus  ether,  fpirit 
of  wine,  or  any  fluid,  excepting  thofe  which  corrode  cork, 
may  be  preferved. 

I fhall  now  defcribe  a method  of  purifying  vitriolic  ether, 
which  is  very  eafy  and  expeditious,  though  not  verv  profitable  : 
this  method  I learned  of  Mr.  winch,  Chemift,  in  the  Hay- 
market.  Fill  about  a quarter  of  a ftrong  bottle  with  common 
ether,  and  upon  it  pour  about  twice  as  much  water,  then  flop 
the  bottle,  and  give  it  a fhake,  fo  as  to  mix  for  a time  the  ether 
with  the  water.  This  done,  keep  the  bottle  without  motion, 
and  with  the  mouth  downwards,  till  the  ether  is  feparated  from 
the  water  and  fwims  over  it,  which  requires  not  above  three  or 
four  minutes  of  time;  then  open  the  bottle,  and  keeping  it  flail 
inverted,  let  the  greateft  part  of  the  water  come  out  very 
gently ; after  this  the  bottle  being  turned  with  the  mouth  up- 
wards, more  water  muft  be  poured  in  it,  and  in  ftiort  the 
fame  operation  muft  be  repeated  three  or  four  times*  Laftly, 
all  the  water  being  feparated  from  the  ether  by  decanting  it 
with  dexterity,  the  ether  will  be  found  to  be  exceedingly  pure* 
By  this  means  I have  purified  common  vitriolic  ether,  which 
could  not  affe£t  elaftic  gum,  and  have  reduced  it  into  fuch  a 
ftate  as  that  elaftic  gum  was  eafily  diflolved  by  it.  Indeed  this 
purified  ether  appeared  by  every  trial  to  be  purer  than  I ever 
faw  it,  even  when  made  after  the  beft  ufual  method,  and  in 
the  moft  careful  manner.  The  only  inconvenience  attending 
this  procefs  is,  that  a vaft  quantity  of  ether  is  loft.  Not 
above  three  or  four  ounces  of  a pound  of  common  ether 
remain  after  the  purification.  As  the  greateft  part  of  the  ether 
is  certainly  mixed  with  the  water  that  is  ufed  in  the  procefs,  it 
may  perhaps  be  worth  while  to  put  that  water  into  a retort,  and 
Vol.  LXXI.  Y y y to 
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fo  diftil  the  ether  from  it,  which  muft  come  fufficlently  pure 

for  common  ufe. 

It  is  commonly  believed,  that  water  combines  with  the  pureft 
part  of  ether,  when  thofe  two  fluids  are  kept  together; 
whereas,  by  the  above  defcribed  procefs,  the  contrary  is  efta- 
blifhed : perhaps  when  ether  is  kept  in  contact  with 

water  for  a long  time,  the  pureft  part  of  it  may  appear  to 
be  loft,  becaufe  the  ether  may  bs  combined  with,  and  may 
retain  fome  water  in  itfe.lf,  at  the  fame  time  that  the  water 
combines  with  and  retains  fome  ether,  whereas  the  cafe  may  be 
different  when  the  ether  is  quickly  waffled  in  water,  and  is  im- 
mediately after  feparated  from  it : but  in  refpeCt  to  this  I have 
yet  not  made  any  experiments,  fo  as  to  be  able  to  decide 
the  matter. 


II.  Experiments  relating  to  the  expanfon  of  mercury . 

THE  difficulty  and  uncertainty  attending  the  various  me- 
thods hitherto  propofed  for  inveftigating  the  expanfion  of  quick- 
filver,  or  its  increafe  of  bulk  when  rarified  by  a given  degree 
of  heat,  determined  me  to  contrive  fome  method  by  which 
this  purpofe  might  be  effected  with  more  certainty  and  preci- 
fion.  After  various  experiments  I hit  upon  the  following  me- 
thod, which  to  me  feems  both  new  and  capable  of  great  accu- 
racy, though  in  this  I may  be  deceived. 

Firft,  having  blown  a ball  to  a capillary  tube,  fuch  as  are 
commonly  ufed  for  thermometers,  I weighed  it,  and  found  that 
this  empty  thermometer  was  equal  to  79,25  grains.  This 
^empty  glafs  previous  to  its  being  weighed  was  rendered  as  per- 
fectly 
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fe&ly  clean  as  poffible,  which  is  a neceffary  precaution  in  this 
experiment,  which  depends  upon  a very  great  accuracy  of 
weight.  Then  I introduced  fome  mercury  into  the  ftem  of 
this  thermometer,  taking  care  that  none  of  it  entered  the  ball, 
and,  by  adapting  a fcale  of  inches  to  the  tube,  obferved  that 
4,3  inches  length  of  the  tube  was  filled  with  the  mercury.  The 
thermometer  was  now  weighed  again,  and  from  this  weight, 
the  weight  of  the  glafs  found  before  being  fubtrafted,  the  re- 
mainder, viz.  0,24  gr.  fhewed  the  weight  of  fo  much  quick- 
lilver as  filled  4,3  inches  of  the  tube.  Now  the  ball  of  the 
thermometer,  and  alfo  part  of  the  tube,  were  intirely  filled 
with  quickfilver : then,  in  order  to  find  out  the  weight  of  the 
mercury  contained  in  it,  the  thermometer  was  weighed  for  the 
laft  time,  and  from  this  weight  the  weight  of  the  glafs  being 
fubtradted,  the  remainder,  viz.  3205  grs.  fhewed  the  weight 
of  the  whole  quantity  of  quicklilver  contained  in  the  ther- 
mometer. 

By  eomparifon  with  a graduated  thermometer  in  hot  and  cold 
water,  I made  a fcale  to  the  new  thermometer  according  to 
Fahrenheit’s,  and  by  applying  a fcale  of  inches  found,  that 
the  length  of  20°  in  this  fcale  was  equal  to  1,33  inch.  But 
0,24  gr.  was  the  weight  of  fo  much  mercury  as  filled  4,3- 
inches  length  of  the  tube  ; therefore,  by  the  rule  of  propor- 
tion it  will  be  found,  that  the  weight  of  fo  much  quickfilver  as 
fills  1,33  inch  of  the  tube,  viz . the  length  of  20°  is  equal  to 
0,0742  gr.  nearly,  and  that  the  weight  of  fo  much  quickfilver 
as  fills  the  length  of  the  tube  that  is  equivalent  to  one  degree, 
is  equal  to  0,0037 1 gr.  Now  it  is  clear,  that  the  weight  of  the 
whole  quantity  of  quickfilver  contained  in  the  thermometer  is 
to  the  weight  of  fo  much  quickfilver  as  fills  the  length  of  one 
degree  In  the  tube,  as  the  bulk  of  the  whole  quantity  of  quick- 
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fiver  in  a given  degree  of  heat,  to  the  increafe  of  bulk,  that 
the  fame  whole  quantity  of  quickfilver  acquires  when  heated 
of  but  i° ; viz.  32,0.5  grs.  is.to  0,00371  gr.  as  1 is  to  0,001 1 -f  ; 
fa  that  by  this,  experiment  it  appears,  that  i°  of  F ahrenheit’s 
theripometer  increafes  the  bulk  of  mercury  not  above  T^^B.^ths 
parts.  In  this  procefs  a fmall  deviation  from  mathematical 
exaCt.nefs,  is  occafioned  by  the  fmall  difference  of  weight  be- 
tween the  quickfilver  of  the  tube  when  firft  weighed  and  when 
it  is  afterwards  heated  to  i° ; but  by  an  eafy  calculation  it  will 
be  found,  that  this  difference  is  fo  exceedingly  fmall  as  not  to  be 
perceived  by  our  exafteft  weighing  and  mealuring  inftruments. 

For  clearnefs  fake  I {hall  fubjoin  the  calculation  of  the  above 
related  experiments,  difencumbered  from  words.  Here  the 
decimals  are  not  computed  to  a very  large  number,  that  being 
unneceflary  for  this  purpofe. 

Weight  of  theglafs,  ...»  79,2 5 grs. 

Weight  of  fo  much  quickfilver  as  filled  4,3  inches 

length  of  the  tube,  - - 0,24  grs.  4 

Weight  of  the  whole  quantity  of  quickfilver  con- 
tained in  the  thermometer,  - - 32,05  grs. 

Length  of  the  tube  equal  to  20°,  - - 1,33  inch. 

4,3  : 0,24  ::  1,33  : 0,0742  = 20° 

20°  : 0,0742  ::  1 : 0,00371 

32,05  : 0,00371  ::  n 0,00011  + = to  the  expanfion 
occafioned  by  one  degree  of  heat. 

Having  repeated  this  experiment  with  other  thermometers, 
and  by  fimilar  calculations,  each  procefs  gave  a refult  little  dif- 
ferent from  the  others,  which  irregularity  is  certainly  owing 
to  the  imperfection  of  my  feales,  which  are  not  of  the  niceft 
fort : but  taking  a mean  of  various  experiments  it  appears, 

that 
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that  i°  of  heat,  according  to  Fahrenheit’s  thermometer, 
increases  the  bulk  of  a quantity  of  quickfilver  of  T75.^^ths 
parts,  viz . if  the  bulk  of  a quantity  of  quickfilver  in  the 
temperature  of  50°  is  equal  to  100,000  cubic  inches,  the  bulk 
of  the  fame  quantity  of  quickfilver  in  the  temperature  of  510 
will  be  equal  to  100,009  cuhic  inches. 

It  is  almoft  fuperfluous  to  mention,  that  the  cavity  of  the 
tubes  employed  for  thefe  experiments,  muft  be  perfectly  uni- 
form throughout.  The  fcafes  to  be  u fed  for  this  method 
fhould  be  fo  exact  as  to  be  turned  by  the  hundredth  part  of  a 
grain  when  charged  with  about  half  an  ounce  weight. 

From  thefe  obfervations  the  method  of  graduating,  or  of 
determining  the  length  of  a degree  in  a new  thermometer,  is 
eafily  deduced,  the  only  requifites  for  the  calculation  being  the 
weight  of  a quantity  of  quickfilver,  which  fills  a known 
length  of  the  tube,  and  the  weight  of  the  whole  quantity  of 
quickfilver  contained  in  the  thermometer  when  filled*  Sup- 
pofe,  for  inftance,  that  in  making  a new  thermometer  i it 
be  found,  that  the  weight  of  fo  much  quickfilver  as,  fills  five' 
inches  length  of  the  tube  is  equal  to  ten  grains,  and  that,  the 
weight  of  the  whole  quantity  of  quickfilver  contained  in  the' 
thermometer  weighs  300  grains.  It  is  plain,  that ^ if  the 
whole  quantity  of  quickfilver  weighs  300  grs.  parts 

of  it  muft  weigh  0,027  8T*  £>iit  the  weight  qf  .fo  much;  mer- 
cury as  fills  five  inches  of  the  tube  is  equal  to  iPSgraih.s<; 
therefore,  0,027  gr.  weight,  of  quickfilver  muft  fill  0,0133 
inch  of  the  tube,  and  this  is  equal  to  the.  length  of  1 °,  or  ther 
double,  treble,  &c.  of  it  is.  equal  to  two,  three,  &c.  degrees.;  1 

By  this  means  the  fcale  may  be  made ; that  is,  it , m-ay,  ben 
divided  into  degrees,  but  the  numbers  cannot  be  added  tp  them . 
without  finding  which  of  thofe  degrees  correfponds  with  the 
5 freezing 
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freezing  point  or  boiling  point.  Either  the  point  of  boiling 
or  freezing  may  be  found  by  experiment,  or  any  other  point 
may  be  afcertained  by  comparifon  with  another  thermometer, 
and  then  the  other  degrees  are  nominated  accordingly. 


III.  Defcription  of  a thermometrical  barometer . 

THE  determination  of  the  various  degrees  of  heat  (hewn 
by  boiling  water  under  different  preffures  of  the  atmolphere, 
has  been  attempted  by  various  perfons,  but  it  was  lately  com- 
pleted by  the  accurate  and  numerous  experiments  of  Sir  george 
shuckburgh,  member  of  this  Society.  His  valuable  paper  is 
iuferted  in  the  LXIXth  vol.  of  the  Phil.  Tranf.  Upon  confl- 
dering  this  paper,  I thought  it  poflible  to  conftruCt  a thermo- 
meter with  proper  apparatus,  which,  by  means  of  boiling  wa- 
ter, might  indicate  the  various  gravity  of  the  atmofphere,  viz. 
the  height  of  the  barometer.  This  thermometer,  together 
with  the  fuitable  apparatus,  might,  I thought,  be  packed  into  a 
fmall  and  very  portable  box,  and  I even  flattered  myfelf,  that 
with  fuch  an  inftrument  the  heights  of  mountains,  &c.  might 
perhaps  be  determined  with  greater  facility  than  with  the  com- 
mon portable  barometer.  My  expectations  are  far  from  having 
been  difappointed,  and  although  the  inftrument  which  I have 
hitherto  conftr  acted  has  various  defeats,  I have,  however, 
thought  of  fome  expedients  which  will  undoubtedly  render  it 
much  more  perfect ; I (hall  then  prefent  to  this  Society  a 
more  particular  account  of  it,  and  alfo  cf  the  experiments 
which  I intend  to  make  with  it.  The  inftrument  in  its  prefent 
ftate  confifts  of  a cylindrical  tin  veflel,  about  two  inches  in 
diameter  and  five  inches  high,  in  which  veflel  the  water  is 
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contained,  which  may  be  made  to  boil  by  the  flame  of  a large 
wax  candle.  The  thermometer  is  fattened  to  the  tin  veflel 
in  fuch  a manner  as  that  its  bulb  may  be  about  one  inch  above 
the  bottom.  The  fcale  of  this  thermometer,  which  is  of 
brafs,  exhibits  on  one  fide  of  the  glafs  tube  a few  degrees  of 
Fahrenheit’s  fcale,  viz.  from  200°  to  216°.  On  the  other 
fide  of  the  tube  are  marked  the  various  barometrical  heights, 
at  which  the  boiling  water  (hews  thofe  particular  degrees  of  heat 
which  are  fet  down  in  Sir  g.  shuckeurgh’s  table.  With  this  in- 
ftrument  the  barometrical  height  is  fhewn  within  one-tenth  of 
an  inch.  The  degrees  of  this  thermometer  are  fomewhat  longer 
than  one-ninth  of  an  inch,  and  confequently  may  be  fub- 
divided  into  many  parts,  efpecially  if  a nonius  is  ufed.  But 
the  greateft  imperfection  of  this  inftrument  arifes  from  the 
fmallnefs  of  the  tin  veflel,  which  does  not  admit  a fufficient 
quantity  of  water : and  I find,  that  when  a thermometer  is 
kept  in  a fmall  quantity  of  boiling  water,  the  quickfilver 
in  its  ftem  does  not  ftand  very  fteady,  fometimes  riling  or 
falling  even  half  a degree  ; but  when  the  quantity  of  water  is 
fufflciently  large,  for  inftance  is  ten  or  twelve  ounces,  and  is 
kept  boiling  in  a proper  veflel,  its  degree  of  heat  under  the  fame 
preflure  of  the  atmofphere  is  very  fettled. 
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INDEX 


TO  THE 


SEVENTY  - FIRST  VOLUME 


OF  THE 


PHILOSOPHICAL  TRANSACTIONS. 


Acids . It  is  harder  to  find  the  point  of  faturation  with  the  vegetable  than  the 
mineral  acids,  and  why,  p.  33. 

Adair , James,  Efq.  amazing  effects  of  lightning  on,  p.  42. 

Adanfon • Mr.  See  Smeathman, 

AdfeBed  Equations . See  Stanhope  t Wales , 

Air,  The  abfolute  weight  of  many  forts  of,  accurately  determined  by  Mr.  Fontana, 
p.  9.  Of  its  fpecific  gravity  in  its  fixed  date,  p.  33.  See  Kirvoan . 

Aldrovandus.  Draws  his  arguments,  in  relation  to  the  Turkey,  from  the  fame  fourae 
as  Belon,  p.  73. 

Algebra  and  Geometry,  Really  but  one  fcience,  differently  treated,  p.  457. 

Alkali , fixed  vegetable.  See  Kirwan. 

Amazons,  river.  Its  medium  rate  of  motion  nearly  equal  to  that  of  the  Ganges,  p.  93> 
The  tide  perceptible  there  600  miles,  p.  109. 

Angles,  Taken  at  fea  by  Hadley’s  quadrant,  P.J396.  See  Atwood, 

Animals  producing  Cold.  See  Crawford. 

Antelopes  and  Gbazels , about  twenty  different  kinds  of,  to  be  found  in  Africa,  p.  r. 

AJlronomy . No  fcience  has  advanced  fo  near  perfection,  in  fo  fhort  a time,  fince  the 
invention  of  the  telefcope,  p.  115. 

Athenaus, ;,  his  account  of  the  Meleagrides,  which  Belon  miflook  for  the  Turkey,  p.  73. 


A. 


C E TO  U S acid.  See  Kirwan, 


Atvjoo  v 3 


V 
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Atwood,  George,  M.  A.  his  general  theory  for  the  ir.enfurauon  of  the  angle  fubtended 
by  two  obje&s,  &c.  p.  395.  Tables  for  taking  the  diameters  of  the  fun  and  planeu, 
P-  432  435- 

Ava,  river.  Suppofed  to  be  the  fame  with  the  Sanpoo,  p.  1 1 1,  But  is  not,  p.  1 1 2. 

Aurora  borealis.  See  Cavallo. 

Aurum fulminans.  See  <Thompfon% 

B. 

Battle  powder,  double  proof,  is  better  than  government  powder,  p.  304.  Why  fo 
called,  ibid. 

Barker , Thomas,  Efq*  his  regiller  of  the  barometer,  thermometer,  and  rain,  at 
Lyndon,  in  Rutland,  1780,  p.  351. 

Baths . See  Crawford. 

Bellonius . The  firft  who  deferibed  and  gave  a figure  of  the  Ophidium,  p.  436. 

Bclcn.  Is  the  earlied  writer  who  is  of  opinion  that  Turkies  were  natives  of  the  old 
world,  p.  72. 

Bengal . Difference  between  the  inundations  there  and  thofe  of  the  Nile,  p.  104.  See 
Rivers,  Monfoons. 

Bergman , Mr.  See  Chemical  affinities. 

BeJ'chan , an  Indian  deity.  The  fame  with  Viflnou,  p.  89. 

Bird-lime . A fort  drong  enough  to  catch  peacocks  and  the  larged:  birds,  how  made* 
p.  376. 

Births , deficient,  p.  36 2. 

• — monftrous,  362,  363. 

Blagdetiy  Dr.  Charles.  On  the  heat  of  the  water  in  the  Gulf-dream,  p.  334.  Defcrip- 
tion  and  caufe  of  that  dream,  ibid.  Its  water  at  lead  fix  degrees  hotter  than  the  fea 
into  which  it  runs,  p.  .337.  Great  advantages  may  be  derived  from  the  thermometer 
in  eroding  that  dream,  p.  342.  Method  of  determining  its  velocity,  p.  343. 
Advantage  of  determining  with  certainty  the  time  when  a fhip  enters  that  dream, 

P-  344- 

Bland , Dr.  Robert,  his  midwifery  reports  of  the  Wedminder  General  Difpenfary,  p. 
333.  His  method  of  keeping  the  regider  of  midwifery  patients  there,  p.  336. 
Table  of  difficult  and  fatal  labours,  and  natural  ones,  p.  338.  et  feq.  See  Puerperal 
fever.  Table  of  the  proportion  of  male  and  female  children,  &c.  p.  362.  Table 
of  the  ages  at  which  women  begin  and  ceafe  to  be  capable  of  bearing  children,  p. 
365.  Tables  of  the  number  of  children  borne  by  1389  women,  &c.  p.  366.  Wo- 
men of  the  poorer  dades  are  exceedingly  fertile,  but  cannot  rear  many  children, 
and  why,  p.  367.  Table  of  the  chance  of  life  from  infancy  to  twenty-fix  years  of 
age,  p.  369.  Comparative  table  of  the  population,  &c.  p.  370*  See  Hofpitals-. 
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Sore,  that  word  explained,  p.113.  Prevails  in  the  principal  branches  of  the  Ganges, 
ibid. 

Bows.  An  elaftic  one  of  light  wood  will  throw  a light  arrow  with  greater  velocity 
than  a fteel  one  of  the  fame  ftiffnefs,  p.  313. 

BraJ i ordnance.  Eafy  and  effe&ual  remedy  for  the  running  of  their  vents,  p.  264. 

Brereton , Owen  Salifbury,  Efq.  his  account  of  a ftorm  of  lightning  at  Ealt- bourne,  in 
Suffex,  p.  42. 

Briftol  Channel , the  expediency  of  correfl  maps  of,  p.  248. 

Broujjbnet,  Dr.  P.  M.  Auguftus,  his  account  of  the  Ophidians  barbatunr  I, inner,  p. 
436.  That  fifh  not  unknown  to  the  ancients,  ibid*  Has  only  two  cirri,  but  being 
divided  they  appear  as  four,  p.  437.  The  different  fpecies.  of,  diftinguiftied,  p. 
438.  Defcription  of  that  fpecies  here  treated  of,  p.  439.  Method  of  meafuring 
employed  to  determine  the  fpecies,  p.  441.  Utility  of  that  method,  p.  444. 
Method  of  taking  the  pofition  of  the  fins,  ibid.  The  fcales  defcribed,  p.  443. 
Anatomy  of  the  Ophidium,.  ibid.  The  male  not  to  be  diffinguifhed  from  the  female, 
p.447.  Jts  fize,  and.  where  to  be  found,  ibid.  See  Bellow' us,  Rondeletius , Kleinius . 

Buffon , Count  de,  his  method  of  diverting  the  currents  of  rivers,  when  bridges  or 
other  buildings  are  endangered  thereby,  p.  97.  To  what  he  imputes  the  increafed 
velocity  of  the  current  of  the  Ganges  near  the  fea,  p.  109. 

Bullets.  See  Thompfon. 

Burrampocler . See  RennclU  Etymology  of  that  name,  p.  87.  Is  larger  than  the 
Ganges,  p.  88.  m.  Source  of,  p.  110.  Its  courfe  defcribed,  ibid.  Bears  a near 
refemblance  to  the  Ganges,  except  in  one  particular,  p.  112.  See  Megna,  Sanpoo . 
Was  unknown  in  Europe  as  a capital  river  till  1763,  p.  1 1 1.  Is  the  fame  with  the 
Sanpoo,  p.  11 2. 

C. 

Cambridge , in  New  England.  See  Willard.. 

Cat , about  nine  different  fpecies  of,  in  Africa,  p.  1.  The  belt  method  of  dividing 
that  genus  of  animals,  p.  2.  See  Antelopes. 

Cavallo , Mr.  Tiberius,  his  account  of  a luminous  appearance  in  the  heavens,  p.  329. 
Reafons  for  its  not  being  an  aurora  borealis,  p.  330. 

- — — - — — His  account  of  fome  thermometrkalexperiments.  &c.  p.  309.  By 

the  evaporation  of  ether  water  may  be  congealed,  and  the  thermometer  brought 
below  the  freezingpoint,  p.  $ir.  The  cold  produced  by  it  feveral  degrees  greater 
than  that  produced  by  any  other  of  the  mo  ft  volatile  fluids,  ibid.  Obfervations  on 
the  cold  produced  by  other  fluids,  with  the  method  of  applying  them  to  the  ball  of 
the  thermometer,  p.  512.  Experiment  on  water,  ibid.  Experiments  on  fpirit  of 
wine,  fpirit  of  turpentine,  and  various  other  fluids,  p.  513.  Experiment  to  deter- 
mine how  much  eleflrizatibn  could  increafe  the  evaporation  of  fpirit  of  wine,  and 
confequently  the  cold  produced  by  it,  ibid.  Apparatus  contrived  for  uling  the  leaft 

pofiJble. 
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pofiiMe  quantity  of  ether  in  freezing  water,  &c.  p.  514.  Method  by  which  the 
mercury  in  the  thermometer  was  brought  down  to  29  degrees  below  the  freezing 
point,  ibid.  Method  of  freezing  water  by  the  evaporation  of  ether,  p.  515.  A 
greater  quantity  of  ether  and  longer  time  are  required  to  freeze  water  in  winter  than 
infuttimer,  p.516.  The  proportion  between  the  quantity  of  the  ether  and  of  the 
water  that  may  be  frozen  by  it,  feems  to  vary  according  to  the  quantity  of  water,  p. 
517,  A final  1 apparatus  for  making  ice  in  hot  climates,  p.  518.  Electrization 
increafes  very  little  the  degree  of  cold  produced  by  the  evaporation  of  ether,  p.  518. 
Cork  preferable  to  glafs  ftopples  for  confining  ether,  ibid.  Mr.  Winch’s  eafy  and 
expeditious  method  of  purifying  vitriolic  ether,  p.  519.  Inconvenience  attending 
that  procefs,  ibid.  The  common  opinion,  that  water  combines  with  the  pureft  part 
of  ether,  when  thofe  two  fluids  are  kept  together,  refuted,  p.  520.  Experiments 
relating  to  the  expanfion  of  mercury,  ibid.  Method  of  inveftigating  the  expanfion 
of  quickfllver,  or  its  increafe  of  bulk  when  rarified  by  a different  degree  of  heat, 
ibid.  Apparatus  for  that  operation,  ibid.  Method  of  making  the  fcale  for  it, 
p.  52 1.  Calculation  of  the  above  experiments  in  decimals,  p.  522.  The  cavity 
of  the  tubes  employed  in  thefe  experiments  muft  be  perfedly  uniform  throughout, 
p.  523.  How  to  determine  the  boiling  or  freezing  point  on  the  fcale,  p.  524. 
Defcription  of  a thermometrical  barometer,  ibid.  The  determination  of  the  various 
degrees  of  heat  fhewn  by  boiling  water  under  different  prefiures  of  the  atmofphere 
completed  by  Sir  George  Shuckburgh,  ibid.  Probability  of  conftrudting  a thermo- 
meter, with  proper  apparatus,  which,  by  means  of  boiling  water,  might  indicate 
the  various  gravity  of  the  atmofphere,  ibid. 

Children . See  Bland,  Wright • 

Chudnah  river.  The  only  fubordinate  branch  of  the  Ganges  which  is  at  all  times 
navigable,  p.  92. 

Chymical  affinities.  The  dodlrine  of,  hath  been  lately  much  improved  by  Mr.  Bergman 
of'Upfal,  and  Mr.  Wentzel,  p.  7. 

Cocchus  Caeca.  See  Kerr . 

Cold . See  Herfchel. 

Cofa , 2 river  equal  to  the  Rhine.  Variation  from  its  former  courfe,  p.  97. 

Cpffimbuxar  river.  See  Hoogly. 

Cows  head.  A remarkable  rock,  p.  89. 

Crawford^  Dr.  Adair,  his  experiments  on  the  power  that  animals,  when  placed  in 
certain  circumflances,  have  of  producing  cold,  p.  479.  See  Fire . That  animals 
have,  in  certain  circumflances,  a power  of  keeping  themfelves  at  a lower  tempera- 
ture than  the  furrounding  medium,  was  a difeovery  referved  for  the  induftry  of  the 
prefent  age,  p.  483.  Which  was  compleated  by  the  experiments  of  Dr.  Fordyce  in 
heated  rooms,  ibid.  Various  opinions  concerning  the  caufes  of  the  fads  eflablifhed 
by  thofe  experiments,  p.  484.  Account  of  thofe  experiments,  ibid.  Experiments 
made  on  frogs,  to  difeover  with  greater  certainty  the  caufes  of  the  refrigeration  in 
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the  above  experiments,  ibid.  Experiment  on  a dog  in  water  above  the  ftandard 
of  its  natural  heat,  p.  487.  By  which  a remarkable  change  was  produced  in  the 
appearance  of  the  venous  blood  of  the  animal,  p.  487.  Experiment  on  another  in 
hot  air,  ibid.  Opinion  of  Mr.  Wilfon,  of  Glafgow,  concerning  the  effeft  produced 
by  external  heat  upon  the  colour  of  the  venous  blood,  p.  488.  The  true  caufes  of 
the  cold  produced  by  animals  in  a medium  above  their  natural  heat  explained,  ibid. 
Experiment  on  a dog  immerfed  in  water  much  under  its  natural  heat,  p.  490.  Why 
animals  preferve  an  equal  temperature,  notwithftanding  the  great  variations  in  the 
heat  of  the  atmofphere,  explained,  p.  491.  The  effects  of  the  cold  and  warm  baths 
accounted  for,  ibid. 

Cutler , Mr.  See  Willard. 

B. 

Death-watches.  Suppofed  to  have  wings  in  their  perfect  ftate,  p.  144. 

Delta.  See  Ganges. 

Dipping-needle.  See  Meteorological  ’Journal. 

Dolfon. , Dr.  Matthew,  his  account  of  the  Harmattan,  a fmgular  African  wind,  p.  46. 
Defcription  and  fituation  of  the  coaft  where  that  wind  prevails,  ibid.  Blows  from 
the  N.E.  p.  47.  Always  accompanied  by  a fog  or  haze,  ibid.  Which  does  not 
extend  above  four  or  five  leagues  over  the  fea,  though  the  Harmattan  is  plainly  felt 
ten  or  twelve,  p.  48.  Extreme  drynefs,  which  greatly  injures  all  the  productions  of 
the  earth,  is  another  confequence  of  this  wind,  ibid.  Surprizing  effects  of  that  dry- 
nefs  on  books,  furniture,  floors,  (hips,  &c.  ibid.  And  on  the  human  body,  ibid. 
Experiments  made  thereon  with  fait  of  tartar,  p.  50.  Table  of  thermometricai 
obfervations  on,  p.  $1.  Derivation  of  its  name,  p.  52.  Its  falubrious  effects  on  the 
human  fpecies,  p.  33.  Contributes  much  to  the  cure  of  ulcers  and  cutaneous 
eruptions,  p.  34.  Nature  of  the  foil  where  it  prevails,  p.  Probable  fource  of 
that  wind,  ibid.  See  Norrius. 

E. 

Earthquakes . See  Pennant,  Lloyd . 

Englefield , Sir  Henry  C.  Bart,  his  account  of  the  appearance  of  the  foil  at  opening  a 
well  at  Hanby,  in  Lincolnfliire,  p.  345'. 

Eprouvettes.  See  Thomp/on . 

Ether.  Is  the  moft  volatile  fluid  we  are  acquainted  with,  p.  51 1.  See  Cavalk. 

F. 

Fantoos , a nation  on  the  Gold  Coaft  of  Guinea.  Their  manner  of  dividing  the  year, 
p.  56. 

Fixed  Stars.  See  Pigotu  Irregularities  occafioned  by  their  aberration,  p.  1 16. 
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Fire.  The  opinions  of  the  ancients  concerning  the  nature  and  properties  of  fire  now  only 
bold  conje&ures,  p.  479.  The  profound  veneration  with  which  they  contemplated 
that  element  accounted  for,  p,  480.  Opinions  of  the  alchymifis  in  the  dark  ages 
concerning  it,  ibid.  On  the  revival  of  literature  the  nature  of  it  began  very  foon 
to  engage  the  attention  of  philofophers,  p.  481.  Difficulties  attending  a philo- 
phical  invefiigation  of  it,  ibid.  The  firft  ftep  that  was  taken  towards  the  cultivation 
of  this  branch  of  fcience,  ibid. 

Fiji:.  Vail  quantities  thrown  on  ffiore  during  a very  dry  feafon  at  the  ifland  of  Sumatra, 
p.  384.  Conjecture  of  the  caufe  of  that  phenomenon,  p.  383. 

Flies.  Their  ufefulnefs  in  deftroying  putrefcent  matter,  p.  146. 

Floods  of  the  tropical  rivers.  Probably,  next  to  earthquakes,  caufe  thequickeft  altera- 
tions in  the  face  of  our  globe,  p.  100. 

Fontana , Mr.  See  Air. 

Fordyce.  See  Crawford. 

Forfter,  Dr.  John  Reinhold,  his  natural  hitlory,  &c.  of  the  Tyger-cat  of  the  Cape 
of  Good  Hope,  p.  1.  Similitude  between  that  animal  and  the  Nfuffi,  p.  3.  And 
our  domeiiic  cats,  p,  4.  Defcription  of,  ibid.  Dimenfions  of,  p.  6.  See  Pennant . 

G. 

Ganges.^  See  Fennell.  Etymology  of  that  name,  p.  87.  Fabulous  account  of  the 
origin  of,  p.  89.  Its  courfe  defcribed,  in  which  it  receives  rivers,  fome  equal  to  the 
Rhine,  and  none  fmaller  than  the  Thames,  ibid.  Exceeds  the  Nile  in  magnitude, 
though  not  in  length,  p.  90.  Different  widths  and  depths  of,  p.  91.  Though  in 
fome  places  fordable,  the  navigation  is  never  interrupted,  but  the  principal  branch 
cannot  be  entered  by  large  veffels,  ibid.  Commencement  of  the  head  of  the 
Delta,  which  is  more  than  twice  as  large  as  that  of  the  Nile,  ibid.  The  part  of  the 
Delta  bordering  on  the  fea  defcribed,  p.  92.  Width  of  the  Ganges  at  its  junction 
with  the  fea,  p.  93.  Medium  rate  of  motion  of  that  river,  ibid.  Its  greater  or 
^efs  \elocity,  to  what  to  be  attributed,  p.  94.  The  gradual  change  in  the  courfe  of 
that  river  accounted  for,  p.  95.  And  the  llacknefs  of  the  tide,  ibid.  Decreafe  in 
the  breadth  of  that  river  in  nine  years,  p.  96.  Various  alterations  in  the  appearance 
of,  99.  Prefumptive  proof  of  its  wandering  from  one  fide  of  the  Delta  to  the 
other,  p.  102.  Its  annua!  fwelling  and  overflowing  explained,  p.  103.  Still  {hews 
it  fea  by  the  grafs,  &c.  on  its  banks  and  its  rapid  muddy  flream,  even  when  the 
inundation  becomes  general,  p.  104.  Particular  trafts  of  land,  which  require  lefs 
moiflure,  are  defended  from  the  inundation  by  dykes,  which  do  not  always  fucceed, 
and  why,  p.  105.  The  tide  totally  lofes  its  effect  during  the  fwoln  flate  of  the 
river,  ibid.  Manner  of  navigating  the  river  during  the  inundation,  p.  106.  Table 
of  the  gradual  mcreafe  of  the  river  and  that  of  its  branches,  ibid.  See  Hoogly , 
Chundnab,  //lands.  Medium  of  that  increafe,  p.  107.  The  inundation  is  nearly  at 
a ftand  for  fome  days  before  it  begins  to  run  off,  and  why,  ibid.  Particular  circum- 
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fiance  attending  the  increafe  of  the  Ganges,  with  the  folution  thereof^  p,  108 
Obje&ion  to  that  folution  anfwered,  p.  109.  See  Buffon,  Quantity  of  water  dif 
charged  by  that  river  in  a fecond  of  time,  p.  1 10.  See  Megna, 

Gefnsr . Miftakes  the  Turkey  for  an  Indian  bird,  probably  the  Peacock-pheafant  of 
Mr.  Edwards,  p.  74. 

G hazels.  See  Antelopes • 

Grogra , a river  of  India,  p,  91. 

Goury  the  ancient  capital  of  Bengal.  Where  fituated,  p.  99, 

Gowmoofy.  See  Cow’s  Head, 

Guinea  Grafs . Its  quick  growth,  p.  146. 

Gulf- fir  earn.  See  Blagden . 

Gum.  A medicinal  one,  procured  from  the  Plafs-tree,  very  fimilar  to  gum  Iacea, 

p-  376" 

Gum  lacca . See  Kerr. 

Gunduck , a river  in  India,  p.  91. 

Gun-powder.  See  Thompfon. 

H* 

Harmattan , a remarkable  African  wind.  See  Dohfott. 

Herfchely  Mr.  William,  his  obfervations  on  the  rotation  of  planets  round  their  axis, 
made  with  a view  to  determine  whether  the  earth’s  diurnal  motion  is  perfe&ly  equa- 
ble, p.  1 1 5.  The  diurnal  rotation  of  that  planet  round  its  axis  has  hitherto 
efcaped  the  ferutiny  of  obfervers,  ibid.  See  Timepieces.  Elis  obfervations  on  Jupiter 
in  1778,  p.  12 1.  Ditto  in  1779,  p.  123.  Ditto  on  Mars,  1777,  p.  127. 
Ditto  in  1779,  p.  128.  The  refult  of  the  foregoing  obfervations  examined,  p.  129. 
His  reafon  for  preferring  White’s  Ephemeris  to  the  Nautical  Almanac,  p,  13 1.  His 
obfervation  of  the  eclipfe  of  the  Sun  at  Bath,  June  24,  1778,  p.  138.  Miscalcu- 
lated conje&ures  concerning  the  appearance  of  a remarkable  dark  fpot  on  the  diik 
of  Mars,  ibid. 

" 1 His  account  of  a comet,  p.  492.  Table  of  the  meafure  of 

the  comet’s  diameter,  p.  494.  Table  of  the  difiance  of  the  comet  from  certain 
telefcopic  fixed  ftars,  p.  496.  Table  of  the  angle  of  pofition  of  the  comet  with 
regard  to  the  parallel  of  declination  of  the  fame  telefcopic  fixed  liars,  meafured  by 
a micrometer,  p.  497.  Mifcellaneous  obfervations  and  remarks,  p.  498.  Remarks 
on  the  path  of  the  comet,  ibid.  The  method  of  tracing  out  the  path  of  a celeftial 
body  by  taking  its  difiance  from  certain  fiars,  and  the  angle  of  pofition  with  regard 
to  them,  cannot  be  expedled  to  be  completely  jufi,  p.  498.  And  why,  p.  499.  Part 
of  a letter  from  M.  Mefiier  to  Mr.  Herfchel,  concerning  the  fliortnefs  of  the  time  in 
which  he  difeovered  the  motion  of  the  above  comet,  ibid.  Defcription  of  a micro- 
meter for  taking  the  angle  of  pofition,  p.  300. 
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Homier g,  Mr.  See  Kir™ an, 

Hoogly  river  (the  port  of  Calcutta).  Is  formed  by  the  junction  of  the  Coflimbuzar  and 
Jellinghy,  the  welternmoft  branches  of  the  Ganges,  p.  92.  Difficulties  of  entering 
that  river  accounted  for,  ibid. 

Hofpitals . Great  political  advantages  might  be  derived  from,  by  adding  to  their  regifters 
of  patients  the  places  of  their  births,  356. 

Hunter , Mr.  William,  his  ellay  on  a new  method  of  applying  the  fcrew,  p.  58.  His 

method  of  applying  the  fcrew  explained,  p.  59.  And  compared  with  the  common 
method,  p.  60. 

I. 

Jellinghy  river.  See  Hoogly.  Change  in  the  fituation  of  the  outlet  of  that  river  la 
eleven  years,  p.  96. 

Inland  navigation . See  Rivers . 

IJlands.  Extenfive  new  ones  formed  in  the  channel  of  the  Ganges  in  a much  ihorter 
time  than  a man  s life,  p.  100.  And  old  ones  fwept  away,  p.  101. 

Jumna/j.  The  f rft  river  of  note  which  joins  the  Ganges,  p.  91. 

Jupit‘r.  Method  of  accounting  for  the  irregularities  of  his  revolutions,  p.  1,8.  See 
HerfcbeU 


JC. 


Knr.  Mr.  James,  his  natural  hiftory  of  the  infect  [Coccus  lacca]  which  produces  the 
gum  lacca,  p.374.  That  infeft  deferibed,  ibid.  Its  change,  p.  375.  Gum  lacca, 
how  produced,  ibid.  The  effeas  the  infeas  have  on  the  branches  where  they  fix 
p.  376.  Gum  lacca,  where  principally  found,  p.  377.  Trees  which  thofe  infect! 
inhabrt,  p 37&.  Gum  lacca  diftinguifiied  by  the  Englilh  into  four  kinds,  ibid. 
Method  of  preparing  fhell  lac,  p.  378.  Its  tries  to  the  natives,  ibid.  In  ornaments 
or  the  ladies,  rbtd.  In  foiling  wax,  ibid.  In  japaning,  varniffiing,  and  grind- 

flones,  p.  379.  I„  panning,  p.  380.  And  in  dying,  and  Spaniih  wool,  p.  ,8r. 

•bjjgurea  ot  the  iofe^t,  p.382. 


Kir^an,  Rtchard,  Jifq.  On  the  fpecific  gravities,  &c.  of  faline  fubffances,  p.  7 
jhe  principles  on  which  the  proportion  of  many  neutral  falls,  and  the  fpecific ’era-' 
vntes  of  mineral  acids,  are  determined,  ibid.  Mathematical  fpecific  gravity,  what 
p.  8.  Experiments  on  fpirit  of  fait,  p.  9.  Table  of  the  fpecific  gravities  of  the 
matineaci  and  water,  p.  13.  Experiments  on  fpirit  of  nitre,  p.  16.  The  method 
of  determining  the  real  fpecific  gravity  of  that  acid,  p.  18.  Table  of  the  fpecific 
gravities  and  attraittons  of  fpirit  of  nitre,  acid,  and  water,  p.  22.  Comparifon  of 
the  refu.t  of  thofe  experiments  on  the  fpirit  of  nitre  with  thofe  of  Mr.  Horn  berg 
p.  23  Experiments  on  oil  of  vitriol,  p.  26.  Table  of  the  fpecific  gravities,  &c! 
of  oil  and  fpirit  of  vitriol,  acid,  and  water,  p.  30.  Difference  between  thefe  expe- 
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laments  on  oil  of  vitriol  and  thofe  of  Mr.  Homberg  accounted  for,  p.  31.  Expe- 
riments on  the  acetous  acid,  p.  3 2.  Deductions  from  thofe  experiments,  p.  33. 
Experiments  on  the  fpecific  gravity  of  fixed  air  in  its  fixed  Hate,  p.  3 3.  Experiments 
on  fixed  vegetable  alkali,  p.  38.  Refult  of  thefe  experiments,  ibid.  Table  of  the 
contents  of  a folution  of  mild  vegetable  alkali,  according  to  its  fpecific  gravity,  p. 
40.  See  Cloymical  Affinities,  Morveau. 

KIcinius.  The  difference  between  his  account  of  the  c-irri  of  the  Ophidium  and  Wil- 
loughby’s reconciled  , p.  437. 

L. 

Lac.  See  Kerr . 

Lightning.  See  Brereion,  Adair. 

Lind,  Dr.  See  Norris . 

Lloyd,  John,  Efq.  his  account  of  an  earthquake  at  Hafodunos  near  Denbigh,  p9  331, 
Luckipouer . Tragical  event  there,  105. 

Luminous  appearance  in  the  heavens.  See  Cavallo. 


Marine  add.  See  Kir  wan. 

Mars.  How  to  determine  his  rotation  with  great  exa&nefs,  p.  1 19.  See  HerffiheL 
Mar/den,  William,  Efq.  his  account  of  a phenomenon  obferved  upon  the  ifland  of. 
Sumatra,  p.  383.  See  Fifh. 

Marjham , Robert,  Efq.  his  further  account  of  the  ufefulnefs;  of  walhing  the  Hems  of 
treps,  p.  449.  That  ufefulnefs  proved  by  obfervations  on  walhed  and  unwafhed 
beaches  and  oaks,  ibid.  Experiment  made  on  the  roots  of  trees  with  pond-mud,  p* 
450.  Young  trees  are  reafonably  expected  to  increafe  more  than  old,  ibid.  The  annual 
increafe  of  very  old  trees  hardly  meafurable  with  a firing,  and  why,  p.  431.  See 
Oak.  All  the  ingredients  of  the  united  vegetation,  received  from  the  roots,  fiems* 
branches,  and  leaves,  of  a mofiy  and  dirty  tree,  do  not  produce  half  the  increafe 
that  another  gains  whofe  ftem  is  clean  to  the  head  only,  p.  452.  Caufe  of  that 
increafe  confidered,  ibid.  Obfervations  on  his  firft  wafhed  beech,  ibid, 
jk legna.  A river  which  falls  into  the  Burrampooter,  to  which  it  communicates  its  name 
for  the  reft  of  its  courfe,  p.  100.  Prodigious  body  of  water  produced  by  its  junc- 
tion with  the  Ganges  below.  Luckipouer,  p.  113*  , 

Meleagrides.  See  Athen<sus . 

M?Jffier , M.  See  Herfchel. 

Meteorological  Journal  kept  at  the  houfe  of  the  Royal  Society,,  with  tables  of  the  Varia- 
tions and  the  Dipping-needle,  p,  200.  et  feq.  S ttlVeatber;* 

Midwifery . See  Bland. 

Mi/nfoons* 
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Shufeov,  See  Rivers.  Little  or  no  rain  falls  during  the  continuance  of  the  northerly 
one  in  Bengal,  p.103.  Different  fettings  of  the  monfoons  in  the  gulf  of  Bengal, 
and  in  the  eaftern  and  northern  parrs  of  that  province,  p.  106, 

Uootyjyl  lake.  Formed  by  a winding  of  the  Coffimbuzar,  p.  99. 

Mr.  of  Dijon.  The  only  one  who  has  thought  of  afcertalning  the  various 

degrees  of  force  of  chemical  attra&ion,  p,  7. 

* N. 

Negro- beads.  See  Smeatbman . 

Nile . See  Bengal. 

Ncrriu,,  Mr.  (a  frequent  vifitor  to  the  Coaft  of  Africa).  Differs  from  Dr.  Lind,  con- 
cerning  the  effeds  of  the  Harmattan.  p.  54. 

NfuJJl.  Defcription  of,  p.  3.  See  Forjler. 

O. 

°ah  Its  long  duration  in  water,  p.  i7S.  That  near  the  hon.  Mr.  Legge’s  lodge  in 
Holt  Foreft  did  not  increafe  above  half  an  inch  in  nineteen  years,  p.431.  Dimenfions 
of  the  hollow  one  at  Cowthorpe  in  Yorldhire,  ibid.  Comparifon  of  the  contents 
of  that  with  thofe  of  the  Hamplhire  and  Yorldhire  oaks,  p.  452. 

Oil  of  'vitriol.  See  Kir  wan, 

' Ophidium . See  Broujffhnet . 


P. 

Palm-tree fnout-heetle.  Eat  in  the  Weft  Indies  as  a delicacy,  p.  168. 

Parafol  Ants.  Account  of,  p.175. 

Beacock-pheafants.  Defcription  of,  p.  74. 

Pennant,  Thomas,  Efq.  Gave  the  firft  defcription  of  the  Tyger-cat  of  any  ufe  in 
natural  h.ftory,  p.  3.  His  account  of  the  Turkey,  p.  67.  Defcription  of  that 
bird,  p.  68.  White  variety,  ibid.  Size,  manners,  and  notes,  p.  69.  Are  irafcible, 
polygamous,  and  fwifr,  and  love  to  perch  high,  p.  70.  Are  gregarious,  p.  7,. 

eir  aunts,  ibid.  The  flelh  of  the  wild  Turkey  is  faid  to  be  fuperior  in  goodnefs 
to  the  tame,  ibid.  The  Indians  make  cloathing  of  the  feathers,  and  fans  of  the 
tai  s,  and  the  French  of  Louifiana  ufed  to  make  umbrellas  of  the  latter,  p.  72.  Its 
p ty,  ibid.  Is  a native  only  of  America,  p.  72.  Opinions  of  different  authors 
concerning  it,  p.  73.  et  feq.  When  firft  introduced  into  England,  p.  So.  Extra- 
ordinary protuberance  from  the  thigh  bone  of  one,  p.  81. 

7.  " ‘ H,s  account  feveral  earthquakes  in  Wales,  p.  103.  Miners 

or  colliers  not  fenfible  of  the  Ihock  under  ground,  though  fufficiently  violent  to 
terrify  the  inhabitants  of  the  furface,  p.  194. 

f f\hhpCCOant  of  a "*bula  in  Coma  Berenices,  p.  82.  Its  mean 

ght  afeenfion  .or  April  2©,  1779,  ibid.  It,  north  declination,  p.  83. 

Pigott, 
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Pigott,  Nathanael,  Efq.  his  difcovery  of  double  liars  at  Frampton-houfe,  in  Glamor- 
ganlhire,  1779*  p.  84.  His  method  of  deducing  their  declination,  ibid.  p.  85. 
And  of  obferving  them,  p.  85.  Their  places  defcribed,  p.  86. 

* . — His  agronomical  obfervations,  p.  347.  Longitude  of  Wick- 

hill,  the  feat  of  Lady  Widdrington,  near  Stow  in  the  Wold,  Gloucelterlhire,  deter- 
mined, ibid.  Latitude  of  his  obfervatory  at  Frampton-houfe  determined,  ibid. 
Situation  of  Frampton-houfe,  which  is  nearly  under  the  fame  meridian  as  Watchet, 
in  Somerfetlhire,  p.  348.  His  method  of  determining  the  difference  of  meridians 
between  that  houfe  and  Greenwich,  p.  349.  Occultations  of  fixed  liars  obferved  at 
Frampton-houfe,  1778,  1779,  p.  350. 

Planets . See  Atwood. 

Pond-mud . See  Marjham , 

Pregnant  Women,  See  Women , 

Prefents , lift  of,  p.  527. 

Prince , Mr.  See  Willard, 

Pulvis  fulminans.  See  Tbompfon, 

Puerperal  fever,  Reafons  why  poor  women  fo  generally  efcape  that  fatal  difeafe^ 
p.  361. 

Qt 

Quadrant,  Hadley’s*  See  Angles, 

aftronomical.  Ufelefs  at  Sea,  p.  396* 

itfitviiiVi'*  • hi etih?* *1,1  • ; ■ lo  'SU<:  \ ..■/.  v ,i  •;  4 i » • 

R* 

Pennell , James,  Efq.  his  account  of  the  Ganges  and  Burrampooter  rivers,  p. 
Great  refemblance  between  them,  p.  88.  See  Thibet . 

Rice,  A particular  kind,  p.  103. 

Rivers,  Thofe  in  Bengal  form  the  compleatell  and  eafieft  inland  navigation  con* 
ceivable,  p.  87.  Number  of  boatmen  employed  thereon,  ibid.  Great  trade  carried 
on  by  means  of  that  navigation,  p.  88.  Which  greatly  furpalfes  the  inland  naviga- 
tion of  North  America,  p.  89.  Proportional  lengths  of  fome  of  the  moft  noted 
in  rivers  the  world,  p.  90.  Caufes  of  their  winding  courfes,  p.  97.  All  thofe 
fituated  within  the  limits  of  the  monfoons  are  fubjedl  to  annual  overflowings,  pe 
103.  See  Buffon, 

Robins , Mr.  See  Thompfon, 

Rondeletius.  Has  given  a better  defcription  and  more  accurate  figure  of  the  Ophidiura 
thanBellonius,  p.  436.  Difference  in  their  drawings  accounted  for,  p,  437. 
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3 mine  fubfiances . See  Kirwan, 

S-anpaO)  or  Zanciu , the  name  of  the  Burrampooter  in  the  country  of  Thibet,  p.  no. 
See  Ava. 

Screw.  See  Hunter. 

Sea-worms- . Though  pernicious  to  (hipping,  are  yet  of  important  ufe  to  mankind, 
P*  I77* 

Sbuckburgb , Sir  George.  See  Cavallo • 

Silk-cotton-tree  worm.  Preferred  by  the  Indians  and  negroes“to  marrow,  p.  168. 

Small-pox . See  Wright • 

Smeathman , Mr.  Henry,  his  account  of  the  Termites  [or  White  Ants],  which  are 
found  in  Africa,  and  other  hot  climates,  p.  139.  Their  contrivance  and  execu- 
tions in  their  buildings  fcarce  fall  (hort  of  human  ingenuity  and  prudence,  ibid. 
Sagacity  of  thofe  infers,  p.  140.  Various  names  by  which  they  are  called,  ibid. 
Different  fpecies  deferibed  by  Dr.  Solander,  p.  141.  Deftroy  every  thing  fofter 
than  metal  or  (lone,  p.142.  Live  in  communities  like  ants,  but  are  not  the  fame 
kind  of  infe<ff,  ibid.  Surpafs  all  other  animals  in  the  art  of  building,  p.  143,  Why 
called  Fatalis  or  Deftru&or,  ibid.  Size  of  the  queen,  ibid.  Their  communities 
deferibed,  p.  144.  Have  been  erroneoufly  claffed  by  Linnaeus,  ibid.  Differ  as 
much  as  birds  in  the  manner  of  building  their  habitations,  ibid.  Are  of  three 
different  orders,  p.145.  Are  both  pernicious  and  ufeful,  p.146.  Will  in  a few 
weeks  deftroy  and  carry  away  the  bodies  of  large  trees,  without  leaving  a 
2 particle  behind,  p.  147.  Monf.  Adanfon’s  defeription  of  their  hills,  ibid. 
Have  many  thoufand  ways  out  of,  and  into,  their  buildings,  but  all  lubter- 
raneous,  p.  148.  Amazing  magnitude  of  their  buildings,  with  a comparifon 
of  them  and  thofe  of  mankind,  ibid.  Defeription  of  their  buildings,  p.  149. 
Their  manner  of  building  their  houfes,  p.  i£o.  Which,  when  half-built, 
the  wild  bulls  Hand  on  to  guard  the  herds  below,  p.  151.  Defeription  of  the 
king’s  and  queen’s  royal  chamber,  ibid.  And  other  interior  parts  of  their 
buildings,  p.  152.  The  king  and  queen,  from  their  extraordinary  magnitude, 
cannot  poffibly  go  out,  ibid.  Their  magazines  deferibed,  and  the  pavilions  for 
their  young,  ibid.  The  royal  chamber  is  enlarged  as  the  queen  increafes  in  bulk, 
p.  153.  Remarkable  circumftance  relating  to  their  nurferies,  ibid.  Their  nurferies 
deferibed,  p.  154.  The  royal  apartments  deferibed,  p.  155.  Their  fubterraneous 
p'affages  for  carrying  off  the  water  deferibed,  p.  156.  Their  manner  of  preparing 
the  clay  or  (lone,  with  which  they  condrudl  their  buildings,  p.  157.  Make  a fpiral 
flope  within  their  hills,  for  the  labourers  and  foldiers  to  pafs  up  and  down,  like  a 
Ftair-cafe,  ibid.  And  a vaft  arch  from  the  floor  of  the  area  towards  the  top  of  the 
building,  to  fhorten  the  diftance  from  the  royal  apartments  to  the  upper  nurferies, 
5JH-15&  One  of  thofe  bridges  deferibed,  with  its  dimenfions,  ibid.  The  turret- 
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ndU  of  fmaller  fpeeki  defcrifeed,  p8  159,  WMeh,  If  efts  matted  by  the 
fj&e  of  the  builders,  are  four  or  live  times  the  height  of  the  monument, 
ibid.  Strength  of  thofe  turrets?  and  their  manner  of  rebuilding  them*  when 
overthrown,  p,  j6q.  Two  ftzes  of  thofe  nefts  built  by  two  different  fpe« 
cies  of  Termites,  with  their  dimen  dons,  ibid.  Negro-heads,  or  nefts  built  i$ 
trees,  defcribed,  p.  163.  The  working  infedls,  or  labourers,  called  wood-lice, 
which  they  much  refemble  at  a diftancs,  by  the  French,  ibid.  The  foldiers  which 
are  much  larger  than  the  labourers,  p.  164.  And  the  in  feel  in  its  perfect  ftate, 
which  is  furnifhed  with four  wings,  ibid.  And  are  only  to  be  found  juft  before  the 
commencement  of  the  rainy  feafon,  p.  165;.  Their  dwellings  fometimes  invaded 
by  the  real  ants  and  other  vermin,  ibid.  Have  in  their  prefent  Hate  two  large  eyes, 
which  are  very  confpicuous,  p.  166.  1 9 1 . The  feafon  of  their  coming  abroad, 
ibid.  When  aftoniftiing  numbers  of  them  are  deftroyed  by  their  numerous  enemies, 
p.  167.  Are  eaten  in  fome  parts  of  Africa,  ibid.  Method  of  taking  and  preparing 
them  for  food  in  the  Eaft  Indies,  ibid.  And  in  Africa,,  p.  168.  Great  change  it| 
their  difpofitions  after  being  expofed  to  the  rains,  p.  169.  Manner  in  which  the 
labourers  protect  their  king  and  queen  from  their  enemies,  p.  179.  Extraordinary 
change  in  the  queen  when  pregnant,  p.  170.  And  the  prodigious  number  of  eggs 
laid  by  them,  p.  171.  Which  are  inftantly  carried  by  the  attendants  to  the  nurfe^ 
ries,  where  they  are  hatched,  and  the  young  provided  for  till  able  to  ftiift  for  them- 
felves,  p.  172.  The  working  and  fighting  forts  never  expofe  themfelves  to  the  open 
air,  but  in  cafes  of  necefftty,  p.  173.  A fpecies  of  them,  called  Vag  Vague,  de** 
fcribed  by  Mr.  Adanfon,  ibid.  Their  manner  of  travelling  and  of  efcaping  when 
alarmed,  p.  174.  Are  not  a match  for  the  ants,  p.  175.  Avoid  all  communication 
with  other  infefts  or  animals,  and  never  meddle  with  them  but  when  dead,  ibid. 
Their  expedition  in  repairing  their  covered  ways,  &c.  176,  188.  Will  fink  under 
the  foundations  of  houfes,  and  eat  their  way  through  the  pofts  up  to  the  thatch,  p, 

177.  Their  curious  method  of  fortifying  pofts,  which  have  fome  weight  to  fupport,  p. 

178.  Various  furprifing  depredations  committed  by  them,  p.  179.  et  jeq.  Will  exca- 

vate a board,  without  perforating  the  furface,  in  fuch  a manner  as  to  render  it  nearly 
as  light  as  two  pieces  of  pafte-board  of  the  fame  dimenfions,  p.,  180.  And  will  enter 
at  the  bottom  of  a found  hedge-ftake,  deftroy  the  infide  entirely,  and  leave  the 
•bark  ftanding,  p.  182.  Difagreeable  miftakes  the  author  has  been  led  into  by  the 
outward  appearance  of  large  fallen  trees,  which  have  been  intirely  hollowed  within, 
ibid.  Behaviour  of  the  foldiers  on  their  buildings  being  broke  open,  183.  183. 
And  of  the  labourers,  184.  183,  Obftinacy  of  the  foldiers  in  defending  their 
ruined  works.,  p.  186.  While  the  foldiers  defend  the  outworks,  the  labourers  flop 
up  all  the  paffages  to  the  royal  chamber,  &c.  187.  When  the  royal  chamber  is 
removed,  and  the  queen  expofed  to  the  air,  the  labourers  will  work  an  arch  completely 
over  her  before  the  next  morning,  p.  188.  Behaviour  of  the  king  when  the  royal* 
©hamber  is  removed,  ibid.  If  the  hill  is  thrown  into  a heap  of  ruins,  provided  the 
Vol.  LXXI.  4 B king 
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king  arid  qoeeri.be  Me,  the  animals,  if  undifiurbed,  will  nearly  repair  the  whole  in 
about  a year,  p.  189.  Their  loyalty  and  fidelity  to  their  fovereigns,  ibid.  The 
marching  Termites  deferibed,  p.  1S9.  Some  of  the  foldlers  acl  as  regulating 

officers  during  their  march,  p.  190.  The  labourers  and  foldiers  appear  to  have  n» 
eves,  p.  igi. 

Soane , a river  of  India,  p.  qif 
Spirit  of  nitre.  See  Kimvan.' 

Spirit  of  fait.  See  Kirovan. 

Stanhope,  -Hi Hip,  Earl,  his  letter  on  adfedled  equations^  p.  ]g:t 

S 'im.  See  ASvjoocK 


■'TUmpio,;,  Benjamin,  Efq.  his  experiments  on  Gun-powder,  p.  229.  Defcription  of 
the  apparatus  employed  therein,  p.  230.  et  feq.  Defcription  of  the  pendulum  ft* 
Often, lining  the  velocity  of  the  bullets,  p.  234.  Method  of  meafuring  the  recoil  of 
trie  barrel,  p.  23b.  Defcription  of  the  gun-carriage,  p.  237.  The  powder  made 

° ’ P;  23p  And  the  manner  in  which  it  was  kept,  and  made  into  cartridges  for 
me,  ibid.  Manner  of  charging  the  piece,  p.  240.  Table  of  the  weights  and 
dimenfions  of  the  principal  parts  of  the  apparatus,  p.  242.  et  feq.  General  table 
of  the  experiments,  p.  243.  Order  of  them,  p.  246.  et  feq.  Method  of  preventin'* 
the  linpujfe  of  the  fiame  upon  the  pendulum,  p.  247.  Leaden  bullets  cart  uPoI 
P . , ’ p ■ 2>‘‘  f*P«'iments  with  powder  only,  p.  253.  Of  the  method  of 

computing  the  veloctties  of  the  bullets,  p.  256.  Of  the  fpaccs  occupied  by  different 
* i c-s  oi  powder,  p,  257.  Of  the  efred  that  the  heat  which  pieces  acquire  in  firing 
produces  upon  the  force  of  powder,  p.  278.  The  augmentation  of  the  force  of  powder! 
w en  fired  from  a warm  piece  accounted  for,  279.  Meal-p'owder  the  bell  for  priming, 
p.  2 o.  Of  the  manner  in  which  pieces  acquire  heat  in  firing,  p.  261.  Which  heat  is 
greater  when  fired  with  powder  only  than  when  with  powder  and  ball,  p.  262 
That  ctrcumftance  accounted  for,  ibid.  Bullets  are  not  heated  by  the  fiame  of  the 
powder,  but  by  percuffion  againft  hard  bodies,  p.  263.  The  running  of  the  metal  in 
brafs  guns  on  repeated  firing  explained,  p.  264.  The  vent  of  a piece  lined  with 
go.o  is  much  more  durable  than  one  made  in  iron,  ibid.  To  what  the  heat  acquired 

7 8r  ln  1S  owln£r  p-  -65.  Obfervations  on  the  generation  of 

t.ui  eat,  p.  266.  Ot  the  effetfi  of  ramming  the  powder  in  the  chamber  of  the 
p'ece,  p.  268.  The  refuit  of  different  experiments  with  rammed  and  unrammed 
powder,  ibid.  Of  the  relation  of  the  velocities  of  bullets  to  the  charges  of  powder  by 
V'  '■‘J;,L,ey  are  impelled, p.  270.  Tables  ihewing  that  when  the  weights  and  dimenfions 
ets  aie  t .e  .am.,  and  they  are  difeharged  from  the  fame  piece  by  different  quan- 
tities-^ powder,  the  velocities  are  very  nearly  in  ihe  fub-duplicate  ratio  of  the  weights 
of  the  charges,  ibid,  271.  Of  the  effeft  of  placing  the  veut  in  diiftient  parts  of  the 
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charge,  p.  272.  Mr.  Robins’s  opinion  with  refpe&  to  the  manner  in'  which  gun* 
powder  takes  fire,  ibid.  Table  of  experiments  fhewing  that  effefl,  p.  27 4.  In  the 
formation  of  fire-arms  no  regard  is  to  be  had  to  any  fuppofed  advantages  from  par- 
ticular fituations  for  the  vent,  p.  277.  The  beft  form  for  the  bottom  of  the  bore, 
and  thefituation  of  the  vent,  in  great  guns  and  fire-arms,  p.  279.  New  method  of 
determining  the  velocities  of  bullets,  ibid.  The  momentum  of  a gun  inuft  be  pre- 
cifely  equal  to  the  momentum  of  its  charge,  ibid.  Method  of  determining  the 
velocity  of  bullets,  p.  280.  Another  fimpler  and  eafier  method  of  determining  that 
velocity,  p.  282.  Table  fhewing  the  refult  of  experiments  in  thofe  methods,  p. 
287.  Table  fhewing  how  thofe  methods  agreed  upon  the  whole,  p.  289.  Oompa- 
rifon  of  the  two  methods,  p.  292.  Of  a very  accurate  method  of  proving  gun*- 
.powder,  p.  298.  All  the  eprouvettes,  or  powder-triers,  in  common  ufe  are  defec- 
tive in  many  refpecls,  ibid.  Powder  may  anfwer  to  the  proof  commonly  required, 
and  yet  turn  out  very  indifferent  when  ufed  in  fervice,  ibid.  The  abovementioned 
method  of  proving  gun-powder  explained,  p.  299.  The  apparatus  deferibed,  p. 
300.  The  temperature  of  the  atmofphere  has  a very  fenfible  effect  upon  the  force 
of  gun-powder,  p.  302.  Of  the  comparative  goodnefs  or  value  of  powder  of  dif- 
ferent degrees  of  flrength,  p.  303.  Of  the  relation  of  the  velocities  of  bullets  to 
their  weights,  p.305.  Mr.  Robin’s  theory  defective,  ibid.  Figure  explaining  the 
relation  of  the  velocity  to  the  weight,  p.  309.  Table  of  the  quantity  of  powder 
inflamed  in  feveral  experiments,  p.  312,  Obfervations  on  the  weight  of  gun-pow- 
der, p.314.  Different  forts  of  powder  mentioned  by  French  authors,  ibid.  The 
weakefl  powder,  or  the  heavieft  in  proportion  to  its  cilaAic  force,  ought  to  be  ufed  to 
impel  the  heavieft  bullet,  p.  3 15.  An  objection  to  that  pofition  anfwered,  ibid. 
Table  of  the  relation  of  the  velocities  of  bullets  to  their  weights,  fuppofing  their 
velocities  to  be  in  the  reciprocal  fub-triplicate  ratio  of  their  weights,  p.  316.  Table 
of  experiments  with  half  the  weight  of  the  powder  added  to  the  weight  of  the  bul- 
lets, p.  317.  Table  of  the  refult  of  thefe  experiments,  p.  319.  Of  an  attempt  to 
determine  the  explofive  force  of  aurum  fulminans,  or  a comparifon  between  its  force 
and  that  of  gun-powder,  p.  321.  Defcription  of  a barrel  provided  on  purpofe  for 
that  experiment,  ibid.  Refult  of  that  experiment,  p.322.  Of  the  fpecific  gravity 
of  gun-powder,  p.  323.  Mifcellaneous  experiments,  p.  324.  Of  fome  unfuccefsful 
attempts  to  increafe  the  force  of  gun -powder,  ibid.  Account  of  an  experiment  to 
try  the  force  of  water  rarified  into  fleam  in  impelling  bullets,  ibid.  Refult  of  that 
experiment,  p.  323.  Refult  of  others  made  with  highly  rectified  fpirits  of  wine, 
etherial  oil  of  turpentine,  and  final!  quantities  of  quickfilver,  inftead  of  water,  ibid, 
With  aethiops  mineral  intimately  mixed  with  gun-powder,  p.326.  Ingredients  of 
common  pulvis  fulminans,  ibid.  Refult  of  an  experiment  made  by  mixing  fait  of 
tartar  with  gun-powder,  p.  327.  With  fal  ammoniacum,  ibid.  With  brafs  dull, 
ibid.  Earthy  particles  and  all  kinds  of  impurities  are  very  detrimental  to  gun- 
powder, and  why,  p.  328.  Of  an  attempt  to  fhoot  flame  inflead  of  bullets,  ibid. 
See  Bra/s  Ordnance,  Battle  Poveder* 
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termites,  or  White  Ants,  See  Smeathman. 

Thermometer,  Great  advantages  refulting  from  the  invention  of  that  machine,  p.  4$** 

See  Cavallo. 

Thibet,  mountains  of.  Are  the  fources  of  the  Ganges  and  Burrampocter,  p.  88* 
From  whence  they  flow  in  oppofite  directions,  ibid. 

Time- pieces.  Not  fufficiently  perfeft  to  examine  the  earth’s  diurnal  motion,  p.  u6f 

Trees.  See  Marfam,- 

Turkey.  See  Pennant,  Belon , Athenceus , Aldrovandus,  Gefner. 

Tuj[erf  his  account  of  the  Chriilmas  Hulbandlie  Fare,  p.  So, 

Tyger-caf*  See  Forjfter * 

r. 

V ig  Vague.  A fpecies  of  White  Ants.  See  Smeatlmart^ 

Variation , See  Meteorological  Journal , 

Velocity  of  bullets * See  Thompforu 

tn 

Wales , Mr.  William,  On  the  refolution  of  adfe&ed  equations,  p.  454,  Table  of  the 
fines,  cofines,  and  tangents,  of  arcs,  of  circles,  and  of  the  multiples  of  thofe  arcs, 
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If  omen, . See  .S/W,  Pregnant,  feized  with  the  fmatl-pox,  or  inoculated  by  miftake, 
generally  mifearry  in,  or  foon  after,  the  eruptive  fever,  p.  373. 

IVood  Ants . The  moft  pernicious  of  all  others,  pe  180. 
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VOL.  LXIX. 

Page.  Line. 

1 6.  5,  for  Goan  read  Jean 

— 15.  for  Jiff,  read  J iff. 

17.  1.  for  of  vitriol  read  of  tartar  of  vitrioT 

18.  7.  y^r  erica,  formed,  read  erica-formed* 

— 19.  jftr  wetted  read  melted 

2i.  13*  for  clays  clay 

23.  14.  for  Jvij.  read  Jvij* 

24.  1.  for  p.  read  Jv. 

26.  6.  for  dale  read  deal 

28.  12.  for  fu bftance  fubflances- 

30.  20.  for  tin  read  fire 

33.  laft  line,  omit  the  word  than 

34.  23.  after  iron  infertors, 

v o L.  LXX. 

478.  1.  Journal  of  the  Weather  at  Senegambia,  &c.  Jhould  he  Journal  of 

the  Weather  at  Senegal,  ['For  Senegambia  is  the’ whole  pro- 
vince, the  river  Gambia  included,  in  which  river  the  weather 
rauft  have  been  quite  different  at  this  period  from  what  it  was 
at  Senegal,  becaufe  the  diforder  did  not  rage  there. 

483.  laff  line,  read  that  the  wind  in  the  fame  month  in  the  river. 

Gambia,  &c. 

490,  6.  for  blank  read  planked 
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VOL.  LXXI. 

Page.  Line. 

334.,  3.  for  fits  read  fets 

343.  20;  for  flown  read  flowed 

363.  3.  of  the  note  *,  for  after  a labour  read  after  a natural  labour, 

•—  9.  _ — — — for  eight  inches  road  five  inches. 

383.  1 3.  far  then  read  there 

417.  1.  art.  23.  for  (art.  27.)  read  (art.  28.) 

423.  5.  art.  28.  for  (art.  24.)  read  (art.  23,) 

425.  laft  line  but  two*  for  1 —p  read  1 — 2 p2. 
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